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BOOK IV. 
CHAPTER IX. 

NEWER PLIOCENE FORMATIONS OF SICILY. 

Growth of submarine formations gradual — Their rise above the 
level of the sea — Their present position proves modifications 
of the earth's crust at great depths^ during the Newer Pliocene 
. period *» Alterations of the surface of Sicily during and since 
its emergence — Forms of the Sicilian valleys — Sea cliffs — 
Proofs of successive elevation (p. 8.) — Valleys in the Newer 
Pliocene districts correspond in form to those of other regions 
— Migrations of animals and plants since the emergence of the 
newer Pliocene strata-— Some species older than the stations 
they inhabit— Recaipitttlation. 

Having in the last two chapters described the ter- 
tiary formations of the Val di Noto and Yaldemone, 
both igneous and aqueous, I shall now proceed more 
fully to consider their origin, and the manner in which 
they may be supposed to have assumed their present 
position. The consideration of this subject may be 
naturally divided into three parts : first, we may inquire 
in what manner the submarine formations were accu- 
mulated beneath the waters ; secondly, whether they 
emerged slowly or suddenly, and to wh|kt modifications 
in the earth's crust, at considerable depths below the 

VOL. IV. B 

I 




2 NEWER PLIOCENE PERIOD. CBooklV. 

surface, their rise may be attributed; thirdly, the 
mutations which the surface and its inhabitants have 
undergone during and since the period of emergence. 

OrmoA qf suUnatine Jbpmatum»,*^TknL then^ we 
are to inquire in what manner the subaqueous masses, 
whether volcanic or sedimentary, may have been 
formed. On this subject a few observations will suf- 
fice; for by reference to the two last books, the reader 
will learn how a single stratum, whether of sand, clay, 
or limestone^ may be thrown down at the bottom of 
the sea, and how shells and other organic remains may 
become imbedded in it. He will also understand how 
one sheet of lava, or one bed of scoriae and volcanic 
sand, may be spread out over a wide area, and how, at; 
a subsequent period, a Si^Goiid bed of sand, diqr, or 
limestone, or a second lava stream, may be super- 
imposed, so that in the lapse of ages a mountain mass 
shall be produced. 

It is enough that we should behold a single course 
of bricks or stones laid by the mason upon another, 
in order to comprehend how a massive edifice, such as 
the Coliseum at Rome, was erected; and we can have 
no difficulty in conceiving that a sea, three hundred 
or four hundred fathoms deep, might be filled up by 
sediment and lava, provided we admit an indefinitie 
lapse of ages for the accumulation of the materials. 

The sedimentary and yolcanic masses of the newer 
Pliocene era, which, in the Val di Note, attun the 
thickness of two thousand ^t, are sub^vided into a 
vast number of strata and lava strettns, each of #hieh 
were originally formed on the subaqueous sui&c^, 
just as the tuiFa and lavas, whereof secitions are liiid 
open in the Val del Bove, were eadi h» their ttim M- 
temal additions to the Etnean cone. 

It is also clear, that before any part of the mass of 
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gdbmariiie origin began to rise above thewatersi the 
u^^ermost stratum of the whole must have been de- 
posited ; so that if the dute of the origin of these 
masses be comp^atively recent, stfll more so is the 
period of their rise above the level of the sea. 
. Subaqueous Jbrmaiiens^ how raised, — In what man- 
ner, then, and by what agency, did this rise of the 
subaqueous formations take place? We have seen 
that a vast area in Scandinavia has been slowly rising 
for centuries above its former level. We have also seen 
that in the year 1819, a tract of country in Cutch, 
more than fifty miles long and sixteen broad, was per- 
manently upraised to the height of ten feet above it» 
fermer position, and the earthquake which accom- 
panied this wonderful variation of level is reported 
to have terminated by a volcanic eruption at Bfaoq. 
It also appeared that when the Monte Nuovo was 
&rown up, in the year 1538, a large fissure approached 
the small town of Tripergola, emitting a vivid light, and 
throwing out ignited sand and scoria?. * At length this 
opening reached a 8halk>w part of the sea dose to the 
shore, and then widened into a large chasm, out of 
which were discharged blocks of lava, pumice, and 
adbes. But no current of melted matter flowed irom 
die orifice, although it is perfectly evident that lava 
existed bdow in a fluid state, since so many portions 
<^it were cast up in the form of scoriae into, the air. 
It will be remembered that the coast near PuEzuoli 
wmCf at that time, to the height of more than twenty 
iset above its former level, und that it- has remained 
pennanently upheaved to this day.f 
- On a renew of the whole phenomena, it appears qot 
improbable that die elevated country was forced up- 

• Vol. II. p. 124. t Vol. II. p. S23. 
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4 NEWER PLIOCENE PERIOD. l^ook IV, 

wards by lava which did not escape, but which, afler 
causing violent earthquakes, during several preceding 
months, produced at length a fissure from whence it dis« 
charged gaseous fluids, together with sand and scoriae. 
The intruded mass then cooled down at a certain dis- 
tance below tlie uplifted surface, and constituted a 
solid and permanent foundation. 

If an habitual vent had previously existed near Puz«^ 
zuoli, such as we may suppose to remain always open 
in the principal ducts of Vesuvius or Etna, the lava 
might, perhaps, have flowed over upon the surface, 
instead of heaving upwards the superficial strata. In 
that case there might have been the same conversion 
of sea into land, the only difference being, that the 
lava would have been uppermost, instead of the tufa- 
ceous strata containing shells, now seen in the plain of 
La Starza, and on the site of the Temple of Serapis. 

But when we remember that the tertiary strata of 
the Yal di Noto have attained the height of from fifty 
to two thousand feet, and in the central parts of Sicily,, 
as at Castrogiovanni, an elevation of about three thou- 
sand feet above the level of the sea, are we prepared 
to suppose a solid support of igneous rock, equal in 
volume to the upraised tract, to have been generated 
below since the Newer Pliocene strata were formed ? 
In reply to this question I may remark, that the en* 
tire mass of Iceland is said to be volcanic, an island 
260 miles long by 200 in breadth, and which rises* 
in some spots, to the height of 6000 feet. Had 
the melted matter in this case been prevented front 
reaching the surface by the weight and tenacity of. 
superincumbent rocks, it might, perhaps, have heaved 
up a district three times as extensive as Sicily. But 
whether we adopt this or any other hypothesis as the 
cause of elevation — whether we introduce the evolution 
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of gases, the liquefaction of rocks, or in cases like that 
of Sweden, their slow and gradual expansion by heat, 
on whatever mode of operation we speculate, it is still 
impossible to escape from the condusion, that some 
very extraordinary change has taken place in part of 
the earth's crust, immediately underneath Sicily, since 
the Mediterranean was inhabited by the existing spe- 
cies of testacea. We must surely admit that the per- 
manent upheaving of a country two or three thousand 
square miles in area, to an additional height of several 
hundred yards, implies either the intrusion of new 
mineral matter into the fundamental rocks, or some 
-great modification in their character* 

It would' be superfluous to repeat here what has 
been said of the probable causes of volcanic agency, 
operating at considerable depths, or what has been 
tailed by some geologists plutonie action. * But it is 
important to reflect, that the position of the Newer 
Pliocene strata, in Sicily add elsewhere, indicates that 
this action has been developed on a great scale since 
the recent species of testacea abounded. The form*- 
ation of a cone, such as Etna, or of the sedimentary 
and volcanic rocks of the Val di Noto, are superficial 
mutations which are perfectly insignificant in a geolo- 
gical point of view, when compared with the contempo- 
raneous changes above alluded to which must have 
been going on atU of sight. The result of these oper- 
ations may one day be exposed to view ; but a great 
lapse of time will probably be required before masses 
formed or altered at great depths can be brought up 
to the surface. 

Quicquid sub terr& est, in apricum proferet stas 
Defodiet condetque nitenda. 

^ * See book ii. chaps, zriii. and six. 
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The deposits of our own period may sink dowii> 
and be hidden in the depths of the earthy when the 
plutoDic fbrmatioDS of the Newer Pliocene era shaU 
have become visible ; and it may then be impossible 
to ascertain, by geological evidence, the relative date 
of rocks formed in the subterranean regions during the 
Newer Pliocene ages, and to prove that they were 
produced at precisely the same time with die lime-> 
stone and argillaceous strata of the Val di Noto. 

Changes of the Surface during and since the Emergence 
of the Newer Pliocene Strata* 

VaUeys. — Geologists who are accustomed to attri- 
bute a great proportion of the inequalities of the 
earth's surface to the excavating power of running 
water during a long series of ages, will probably look 
for the signs of remarkable freshness in the aspect of 
countries so recently elevated as the parts of Sicily al- 
ready described. There is, however, nothing in the 
external configuration of that country which would 
strUce the eye of the most practised observer, as pecu- 
liar and distinct in character firom any other districts 
in Europe which are of much higher antiquity. The 
general outline of the hills and valleys would accord 
perfectly well with what may often be observed in re- 
gard to other regions of equal altitude above the level 
of the sea. 

It is true that, towards the central parts of the 
island, where the argillaceous deposits are of great 
tliickness, as around Castrogiovanni, Caltanisetta, and 
Piazza, the torrents are observed annually to deepen 
the ravines in which they flow ; and the traveller occa- 
sionally finds that the narrow mule path, instead of 
winding round the head of a ravine, terminates abruptly 



Oh. a.1 TOUU or TaS SIOUAII VAtLBT& 7 

ia a deep tmtdi nfaich hes heeo hollowed, out, during 
t])8'preoediiigiri]i(«rrt^ugh Bdftday. But through- 
out & great part of Italy, where the maris and sandi 
of the SubapeDDJne biUs ace elerated to ccnuiderablc 
hd^Bi the aame rafiid degradation, la otteD per- 
ceived. 

In the Umcstone districU of the Val di NotOt tlic 
■tnta are for the raost part.neariy horizontal, and tm 
each nde of the Tallejr forta a luccessioa of ledges or 
■mall terraces, instead of descending in a gradual 
slope towards the riveroplaui in the manner of the ar- 
gillaceous fmmations. When there ia a bend in the 
valley, the exact appearance of an amphitheatre with a 
range of marble seats is produced. A good example 
of this configuration occurs near the town of Melilli, 
in the Val di Noto, as seen in the annexed view (Fig. 
86.) In the south of the island, as near Spaccafomo, 
Hg. 86. 




Scicli, and Modica, preci[ntouB rodcs of white lime- 
stmei ascending to the height of five hundred feet. 
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have been carved out into the same fonn. It is not 
easy to account for this phenomenon; but it may per* 
haps be due to the action of the sea during the rise 
of the land, for every portion of the cliffs bordering 
these, valleys may in its turn have been washed by the 
waves. We find evident signs of two periods of ele« 
vation in a long range of inland cliff on the east side of 
the Val di Noto, both to the north of Syracuse, beyond 
Melilli, and to the south beyond the town of Noto. 
The great limestone formation terminates suddenly 
towards the sea in a lofty precipice, a, 6, which varies 
in height from 500 to 700 feet, and may remind the 

Kg. 87. 



English geologist of some of the most perpendicular 
escarpments of our chalk and oolite. Between the 
base of the precipice a, 6, and the sea is an inferior 
platform <?, b, consisting of similar white limestone. 
All the strata dip towards the sea, but are usually in- 
clined at a very slight angle ; they are seen to extend 
uninterruptedly from the base of the escarpment into 
the platform, showing distinctly that the lofty cliff was 
not produced by a fault or vertical shift of the beds, 
but by the removal of a considerable mass of rock. 
Hence we may conclude that the sea, which is ndw 
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uDdermining the cliffs of the Sicilian coast, reached at 
some former period the base of the precipice a, by at 
which time the surface of the terrace Cy bf must have 
been covered by the Mediterranean. Here, then, we 
have proofe of at least two elevations, but there may 
have been many others. 

Suppose, for example, that a series of escarpments, 
^/y fff ^ once existed, and that during a long interval, 
free from subterranean movements, the sea advances 
along the line i?, 6, all preceding cliffs must have been 
swept away one after the other, and reduced to the 
single precipice a, b. 

I have stated, in the second volume, that the waves 
washed the base of the inland diff of Puzzuoli, in the 
Bay of Baise, within the historical era, and that the 
retiring of the sea was caused, in the sixteenth cen- 
tury, by an upheaving of the land to the height of 
twenty feet above its original level.* At that period, 
a terrace twenty feet high in some parts was laid dry 
between the sea and the cliff; but the Mediterranean 
is hastening by its encroachments to resume its former 
position, and the terrace will be eventually destroyed, 
and every trace of the successive rise of the land obli- 
terated. 

In those valleys where the opposite sides form a 
great flight of steps from top to bottom we may sup- 
pose the sea to have stood successively at many dif- 
ferent levels, as at aa, bb, cc, in the annexed figure (88.) ; 
and if the separate movements of elevation followed 
each other more rapidly as the land continued to rise^ 
then would the gradual contraction of the valley in its 
lower parts be explained, for the intervals of time 

♦ P. 324. 
B 5 
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would be shortened in which each successive excava- 
tion was accomplished. This hypothesis bj no means 
requires that terraces and small precipices should be 
always formed on the opposite sides of each valley at 
c^mresponding levels ; for the amount and depth of 
erosion by the waves would be determined by the set 
of the winds and currents, the varying hardness of the 
strata, the form of the ancient coast, and a variety of 
other accidents. 

The line of some of the valleys near Lentini has 
evidently been determined mainly by the direction of 
the elevatory force, as there is an anticlinal dip in the 
strata on either side of the valley. The same is, pro- 
bably, the case in regard to the great valley of the 
Anapo, which terminates at Syracuse. 

I have been led into these observations, in order to 
show that the principal features in the physical geo- 
graphy of Sicily are by no means inconsistent with 
the hypothesis of the successive elevation of the 
country by the intermittent action of ordinary earth- 
quakes. On the other hand, the magnitude of Ae 
valleys, and their correspondence in form with those 
of other parts of the globe, seem to lend countenance 
to the theory of the slow and gradual rise of subaque- 
ous strata. 
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Hie exba^atioD of vaUejs^. as was btfore retnorkedy 
must always proeeiedvilih the greatest rapidity whan 
the levels of a ooimtr jr are undenting alteration firom 
time to time by eavthqiudses ; and it is prinetpally when 
a country is rising or sinking by sucoessive movementSi^ 
that the pbwer of aqueous causes, sudi as tides^ cur- 
resitSt riversy and land-flc»dsy is exerted with the 
fullest enetgy.* 

In order, therefore, to eocplain the present appear- 
ance of the surface, we must first go bads to the time 
when the Sicilian formations were mere shoals at the 
bottom of the sea, in whidi the currents may have 
scooped out chanittls here and there. We mnst.aext 
suppose these shoals to have become small islands, of 
which the cUffs were thrown down from time to tiihe, 
as were those of Giati Gareco, in Calabria, during the 
earthquake of 178S«^ The liraves and currents would 
haive coDtimied their denuding action during the 
emergence of these islands, until at length, when the 
intervening (Channels were laid dry, and rivers began 
to flpw, the deepenit^ and widening of the valleys by 
rivers and land-floods would proceed in the same 
manner as in modem times in Calabriaif 

Before a tract could be upraised to the height of 
several thousand feet libove the level of the sea, the 
jcnnt operation of running watet and subterranean 
movements must greatly modify its physical geogra- 
phy ; but when the action of the volcanic forces has 
been suspended, when a. period of tranquillity suc- 
ceeds, and the levels of the land remain fixed and 
stationaiy, the erosive power of water must soon be 
reduced to a state of comparative equilibrium. For 

• Vol. II. p. 281. t Ibid. 

B 6 



12 NEWER PLIOCENE PERIOD. [Book TV. 

this reason, a country that has been raised at a very 
remote period to a considerable height above the level 
of the sea may present nearly the same external con- 
figuration as one that has been more recently uplifted 
to the same height. 

Migration of animah amd p/bn^. -*- The changes 
above described, which have been brought about by 
igneous and aqueous agency, cannot fail to strike the 
imagination, when we consider how recent in the 
calendar of nature is the epoch to which they are 
referred. But if we turn our thoughts to the organic 
world, we shall feel, perhaps, no less surprise at the 
great vicissitude which it has undergone during the 
same period. 

We have seen that a large portion of Sicily has 
been converted from sea to land since the Mediterra*? 
nean was peopled with the living species of testacea 
and zoophytes. The newly emerged surface, there- 
fore, must, during this modern zoological epoch, have 
been inhabited for the first time by the terrestrial 
plants and animals which now abound in Sicily. It 
is fair to infer that the existing terrestrial species are, 
for the most part, of as high antiquity as the marine ; 
and if this be the case, a large proportion of the plants 
and animals, now found in the tertiary districts in 
Sicily, must have inhabited the earth before the Newer 
Pliocene strata were raised above the waters. The 
plants of the flora of Sicily are common, almost with* 
out exception, to Italy or Africa, or some of the coun- 
tries surrounding the Mediterranean ; so that we may 
suppose the greater part of them to have migrated 
from pre-existing lands, just as the plants and ani- 
mals of the Phlegrsean fields have colonized Monte 
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KuovOy since that mountain was thrown up in the six- 
teenth century.* 

We are brought, therefore, to admit the curious 
result, that the flora and &una of the Val di Noto^ 
and some other mountainous regions of Sicily, are of 
higher antiquity than the country itself, having not 
only flourished before the lands were raised from the 
•deep, but even before they were deposited beneath 
the waters. Such conclusions throw a new light on 
the adaptation of the attributes and migratory habits 
oi animals and plants, to the changes which are un- 
ceasingly in progress in the inanimate world. It is 
clear that the duration of species is so great, that they 
are destined to outlive many important revolutions in 
the physical geography of the earth ; and hence those 
innumerable contrivances for enabling the subjects of 
the animal and vegetable creation to extend their 
nlnge, the inhabitants of the land being often carried 
across the ocean, and the aquatic tribes over great 
continental spaces, f It is obviously expedient that 
the terrestrial and fluviatile species should not only 
be fitted for the rivers, valleys, plains, and mountains 
which exist at the era of their creation, but for others 
that are destined to be formed before the species shall 
become extinct ; and, in like manner, the marine spe- 
cies are not only made for. the deep and shallow regions 
of the ocean existing at the time when they are called 
into being, but for tracts that may be submerged or 

* Professor Yiviani of Genoa informed me, that, considering 
the great extent of Sicily, it was remarkable that its flora produced 
scarcely any, if anypectiUar indi^enota species ; whereas there are 
several in Corsica, and some other Mediterranean islands. 

t See book iii. chaps, v. vi. and fii. 
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varioiislj altered in deptii during the time that is al* 
lotted for their continuance on the globe. 

JReo(qniidaiuf9u — I may nov briefly recapitulate 
•ome of the most striking results deduced from the 
iBYestigation of a single district where the Newer Pli- 
ocene strata are largdy developed. 

In the first place^ we have seen reason to infer that 
a stratified mass of solid limestOBCt attaining som^ 
times a thickness of eight hundred feet and upwards^ 
has been gradually deposited at the bottom of the sea, 
the imbedded fossil shells and corallines being almost 
all of recent species ; yet these fossils are firequently 
in the state of mere casts, so that in appearance they 
correspond very closely to oiganic remains found in 
limestones of very ancient date. 

2dly. In some localities the limestone above men- 
tioned alternates with volcanic rocks, such as have been 
formed by submarine eruptions, recurring again and 
again at distant intervals of time* 

Sdly. Argillaceous and sandy deposits have also 
been produced during the same period, and their aocu- 
mulatioD has also been accompanied by submarine 
eruptions. Masses of mixed sedimentary and igneous 
origin, at least two thousand feet in thickness, can 
thus be shown to have accumulated since the sea was 
peopled with the greater number of the aquatic species 
now living. 

4thly. These masses of submarine origin have, since 
their formation, been raised to the height of two thou- 
sand or three thousand feet above the level of the 
sea, and this elevation implies an extraordinary modi- 
fication in the state of the earth's crust at some un- 
known depth beneath the tract so upheaved. 

Sthly. This modification may possibly correspond 
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with the effects of what is usually called << plutonic 
action/' or the agency of volcanic and other causes 
at considerable depths ; in which case> the Newer Pli- 
ocene plutonic rocks, formed beneath Sicily, must be 
of great extent. 

6thly. Considerable inequalities must have been 
caused on the surface of the new-raised lands during 
the emergence of the Newer Hiocene strata, by the 
action of tides^ currents, and riven, combined with 
the disturbing and dislocating force of the elevatory 
movements* 

7thly. There are no features in the forms of the 
valleys and sea-cliffs thus recently produced which 
indicate the sudden rise of the strata to their present 
altitude, while there are some proofs of distinct and 
partial, elevations at successive periods. 

8thly. We may infer that the species of terrestrial 
and fluviatile animals and plants which now inhabit 
extensive districts, formed during the Newer Hiocene 
era, were in existence not only before the new strata 
were nused, but before their materials were brmighl 
together at the bottom of the sea. 
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CHAPTER X. 

NEWER PLIOOEME FOBHATIONS MARINE AND VOLOANie. 

Tertiary formatioiu of Campania — Comparison of the recorded 
changes in this region with those commemorated by geological 
monuments— Dikes of Somma — ParalleGsm of their opposite 
sides (p. 21.) — Age of the volcanic and associated rocks of 
Campania — Organic remains — No signs of diluvnl waves — 
Marine Newer Pliocene strata chiefly seen in countries of earth* 
quakes (p. SI. ) — Illustrations from Chili — > Peru — - Parallel 
roads of Coquimbo — West Indies (p. S6»} — East Indian 
archipelago — Red Sea. 

Tertiari/ Formations of Campania. 

"Compariwn of recorded changes wiih those comrnemo^ 
rated by geological monuments. — In the secoDd volume 
I traced the various changes which the volcanic region 
of Naples is known to have undergone during the last 
two thousand years ; and, imperfect as are our histori- 
cal records, the aggregate effect of igneous and aqueous 
agency, during that period, was shown to be far from 
insignificant. The rise of the modem cone of Vesu- 
vius, since the year 79, was the most memorable event 
during those twenty centuries ; but, in addition to this 
remarkable phenomenon, I enumerated the production 
of several new minor cones in Ischia, and of the Monte 
Nuovo, in the year 1538. The flowing also of lava 
currents upon the land and along the bottom of the 



Cb.X:i TERTIARY FORMATIOKS OF CAMPANIA. 17 

sea was describedy — the showering down of volcanic 
aand, pumice, and scoriae, in such abundance that whole 
cities were buried, — the filling up or shoaling of 
certain tracts of the sea, and the transportation of 
tufaceous sediment by rivers and land floods. I also 
explained the evidence in proof of a permanent alter- 
ation of the relative levels of the land and sea in 
several places, and of the same tract having, near 
Puzzuoli, been alternately upheaved and depressed to 
the amount of more than twenty feet. In connection 
with these convulsions^ I pointed out that, on the 
shores of the Bay of Baise, there are recent tufaceous 
strata filled with fabricated articles, mingled with 
marine shells. It was also shown that the sea has 
been making gradual advances upon the coast, not only 
•sweeping away the soft tuffs of the Bay of Baue, but 
•excavating precipitous cliffs, where the hard Ischian 
«nd Vesuvian lavas have flowed down into the deep. 

These events, it may be objected, although interest- 
ing, are the results of operations on a very inferior 
scale to those indicated by geological monuments. 
When we examine this same region, it will be said we 
find that the ancient cone of Vesuvius, called Spmma, 
is larger than the modem cone, and is intersected by 
a greater number of dikes, — the hills of unknown 
antiquity, such as Astroni, the Solfatara, and Monte 
Barbaro, formed by separate eruptions, in different 
parts of the Phlegraean fields, far outnumber those of 
similar origin, which are recorded to have been thrown 
up within the historical era. In place of modem tufis 
of slight thickness, f^nd single flows of lava, we find, 
amongst the older formations, hills from 500 to more 
than 9000 feet in height, composed of an immense 
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aerieU of tufaceous strati^ altertiatiDg with distinct lavn 
cu)Teat8. We have evidence that in the lapse of past 
i^es, districtB» not merely a few miles square, were up- 
raised to the height of twenty or thirty feet above their 
former level, but that extensive and mountainous coun^ 
tries were uplifted to an elevation of more than 1000 
ftet, and at some points more than 2000 feet, above 
the level of the sea. 

These and similar objections are made by those who 
compare the modem effects of igneous and aqueous 
causes, not with a part but with the whole results of 
the same agency in antecedent ages. Thus viewed ia 
^e aggf ^gftte, the leading geological features of each 
district must always appear to be on a colossal scaler 
just as a large edifice may seem an effort of super- 
human power, until we reflect on the innumeraUe 
minute parts of which it is composed, the number of 
the builders, and the time required to raise it. A 
mountain mass, so long as the imagination is occupied 
in contemplating the gigantic whole, must appear the 
work of extraordinary causes ; but when the separate 
portions of which it is made up are carefully studied, 
they are seen to have been formed successively; and 
the dimensions of each part, considered singly, are 
soon recognized to be comparatively insignificant, se 
that it appears no longer extravagant to liken them to 
the recorded eflEects of ordinary causes. 

Difference in the composition of Somma and Ve$uviu$. 

As no traditional accounts have been handed down 
to us of the eruptions of the ancient Vesuvius, from 
the times of the earliest Greek colonists, the volcano 
must have been dormant for many centuries, perhaps 
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for thousands of yeara» prevtouB to the great eruption 
in the reign of Titus. But it will be shown hereafter 
that there are sufficient grounds for presuming this 
mouiitain» and the other igneous products of Cam- 
pania» to have been produced during the Newer VIU 
ocene period. 

We have seen that the ancient and modem conet 
of Vesuvius were each a counterpart of the other in 
structure*; and I may now remark that the principal 
pomt of difference consists in the greater abundance 
in the older cone of fragmenta of altered sedimentary 
ro<^ ejected during eruptions* We may easily con* 
eeive that the first explosions would act with the 
greatest violenccy rending and shattering whatever 
solid masses obstructed the escape of lava and the 
accompanying gases, so that great heaps of ejected 
pieces of rock would naturally occur in the tu&ceous 
breccias formed by the earliest eruptions. But when 
a passage had once been opened and an habitual vent 
established, the materials thrown out would consist of 
liquid lava, which would take the form of sand and 
scoriae, or of angular fragments of such solid lavas as 
may have choked up the vent. 

Among the fragments which abound in the tuface* 
ous. breccias of Somma, none are more common than 
a saccharoid dolomite, supposed to have been derived 
firom an ordinary limestone altered by heat and vol* 
qanic vapours. 

Carbonate of lime enters into the composition of so 
many of the simple minerals found in Somma, that 
M. Mitscherlich, with much probability, ascribes their 

♦ Vol. II. p. 140. 
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great variety to the action of the volcanic heat on sub- 
jacent masses of limestone. 

Dikes of Samtna, — The dikes seen in the great es- 
carpment which Somma presents towards the modern 
cone of Vesuvius are very numerous. They are for 
the most part vertical, and traverse at right angles the 
beds of lava, scoriae, volcanic breccia, and sand, of 
which the ancient cone is composed. They project in 
relief several inches, or sometimes feet, from the face 
of the cliff, like the dikes of Etna already described 
(see Fig. 82.), being, like them, extremely compact, 
and less destructible than the intersected tuffs and 
porous lavas. In vertical extent they vary from a few 
yards to 500 feet, and in breadth from one to twelve 
feet. Many of them cut all the inclined beds in the 
escarpment of Somma from top to bottom, others stop 
short before they ascend above half way, and a few 
terminate at both ends, either in a point or abruptly. 
In mineral composition they scarcely differ from the 
lavas of Somma, the rock consisting of a base of leucite 
and augite, through which large crystals of augite and 
some of leucite are scattered.* Examples are not 
rare of one dike cutting through another, and in one 
instance a shift or fault is seen at the point of intersec- 
tion. I observed before, when speaking of the dikes 
of the modern cone of Vesuvius, that they must have 
been produced by the filling up of open fissures by 
liquid lava.f In some examples, however, the rents 
seem to have been filled laterdly. 

The reader will remember the description before 

* Consult the valuable memoir of M. L. A. Necker, M^. de 
la Soc de Phys. et d*Hist. Nat. de Geneve, tome iL part i., Not. 
1822. ^ 

t Vol. II. p. 138. 
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given of the manner in which the plain of Jerocarne, 
in Calabria, was fissured by the earthquake of 1783, 
so that the academicians compared it to the cracks in 
a broken pane of glass.* If we suppose the side 
walla of the ancient crater of Vesuvius to have been 

Fig. 89. 




Dikes or veins at the Punto del Nasone on Somma. 

cracked in like manner, and the lava to have entered 
the rents and become consolidated, we can explain the 
singular form of the veins figured in th^ accompanying 
wood-cut.f 

Parallelism cf their opposite sides. — Nothing is more 
remarkable than the parallelism of the opposite sides 
of the dikes, which usually correspond with as much 
regularity as the two opposite faces of a wall of ma* 
sonry. This character appears at first the more inexr 
pHcaUei when we consider how jagged and uneven 
are the rents caused by earthquakes in masses of 
heterogeneous composition like those composing the 

• See Vol. II. p. 266. Fig. S4. 

t From • driwiag of M. Neoker, in Wm. before cit^d. 
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cone of Somma; but M. Necker has offered an ia- 
genious and, I think, satis&ctorj explanation of the 
phenomenon. He refers us to Sir W. Hamilton's ao- 
<:ount of an eruption of Vesuvius in the year 1779» 
who records the following facts:—'' The lavas, when 
they either boiled over the crater, or broke out from 
the conical parts of the volcano, constantly formed 
channels as regular as if they had been cut by art, 
down the steep part of the mountain ; and, whilst in 
a state of perfect fusion, continued their course in 
those channels, which were sometimes full to the brim, 
and at other times more or less so» according to the 
quantity of matter in motion. 

**' These channels, upon examination after an erup- 
tion, I have found to be in general from two to five or 
six feet wide, and seven or eight feet deep. They 
were often hid from the sight by a quantity of scoris 
that had formed a crust over them; and the lava, 
having been conveyed in a covered way for some 
yards, came out fresh again into an open channel. 
Afler an eruption I have walked in some of those sub- 
terraneous or covered galleries, which were exceed- 
ingly curious, the sides, top, and bottom, beinff worn 
petfecth/ smooth and even in most parts, by the violence 
of the currents of the red-hot lavas, which they had 
conveyed for many weeks successively.** 

In another place, in the same memoir,' he describes 
the liquid and red-hot matter as being received ^ into 
a regular channel, raised upon a sort of wall of scoris 
and cinders, almost perpendicularly, of about the height 
of eight or ten feet, resembling much an ancient aque- 
duct."* 

Now, if the lava in these instances had not run out 

* PiuL Trans., toL Ixx. t7S0.. 
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from the covered channel, in consequence of the de- 
eUvity whereon it was placed -^if, instead of the space 
being left empty, the lava had been retained withm 
Qntil It cooled and consolidated, it would then have 
eonstttuted a small dike with parallel sides. But the 
walls of a vertical fissure through which lava has as- 
cended in its way to a volcanic vent, must have been 
exposed to the same erosion as the four sides of the 
chsmnels before adverted to. The prolonged and uni- 
fbrm fHction of the heavy fluid, as it is forced and 
made to flow upwards, cannot Ml to wear and smooth 
down the surfaces on which it rubs, and the intense 
heat must melt all such masses as project and obstruct 
the pusi^e of the incandescent fluid. 

I do not mean to assert that the sides of fissures 
caused by earthquakes are never smooth and parallel, 
but they are usually uneven, and are often seen to 
have been so where volcanic or trc^ dikes are as regu- 
lar in shape as those of Somma. The solution, there- 
forcy of this poblem, in reference to the modern dikes, 
is moat interesting, as being of very general applica- 
tion in geology. 

VarieHes in ^eh texture. — Having explained the 
origin of the parallelism of the sides of a dike, we have 
next to consider the difference of its texture at the 
edges and in the middle. Towards the centre, observes 
M. Necker, the rock is larger grained, the component 
elements being in a far more crystalline state; while at 
the edge the lava is sometimes vitreous, and always 
finer grained* A thin parting band, approaching m Its 
diaracter to pitchstone, occasionally intervenes on the 
contact of the vertical dike and intersected beds. M. 
Necker mentions one of these at the place catted 
Prirao Monte, in the Atrio del Gavallo; I saw three 
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or four others in different parts of the great escarp* 
ment. These phenomena are in perfect harmony with 
the results of the experiments of Sir James Hall and 
Mr. Gregory Watt, which have shown that a glassy 
texture is. the effect of sudden cooling, and that, on 
the contrary, a crystalline grain is produced where 
fused minerals are allowed to consolidate slowly and 
tranquilly under high pressure. 

It is evident that the central portion of the lava in 
a fissure would, during consolidation, part with its heat 
more slowly than the sides, although the contrast of 
circumstances would not be so great as wheh we com- 
pare the lava at the bottom and at the surface of a 
current flowing in the open air. In this case the up- 
permost part, where it has been in contact with the 
atmosphere, and where refrigeration has been most 
rapid, is always found to consist of scoriform, vitreous, 
and porous lava, while at a greater depth the mass 
assumes a more lithoidal structure, and then becomes 
xaore and more stony as we descend, until at length 
we are able to recognize with a magnifying glass the 
simple minerals of which the rock is composed. On 
penetrating still deeper, we can detect the constituent 
parts by the naked eye, and in the Vesuvian currents 
distinct crystals of augite and leucite become ap- 
parent. 

The same phenomenon, observes M. Necker, may 
readily be exhibited on a smaller scale, if we detadi 
a piece of liquid lava from a moving current. The 
A'agment cools instantly, and we find the surface 
covered with a vitreous coat, while the interior, al-< 
though extremely fine grained, has a more stony ap- 
pearance. 
• It mvLht% however, be observed^ that although the 
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lateral portions of the dikes are finer grained than the 
central, yet the vitreous parting layer before alluded to 
is extremely rare. This may, perhaps, be accounted 
for, as the above-mentioned author suggests, by the 
great heat which the walls of a fissure may acquire 
before the fluid mass begins to consolidate, in which 
case the lava, even at the sides, would cool very 
slowly. Some fissures, also, may be filled from above ; 
and in this case the refrigeration at the sides would 
be more rapid than when the melted matter flowed 
upwards from the volcanic foci, in an intensely heated 
state. 

The rock composing the dikes of Somma is far more 
compact than that of ordinary lava, for the pressure of 
a column of melted matter in a fissure greatly exceeds 
that in an ordinary stream of lava; and pressure checks 
the expansion of those gases which give rise to vesicles 
in lava. 

There is a tendency in almost all the Vesuvian dikes 
to divide into horizontal prisms •, a phenomenon in ac- 
cordance with the formation of vertical columns in 
horizontal beds of lava; for in both cases the divisions 
which give rise to the prismatic structure are at right 
angles to the cooling surfaces. 

Minor cones of the Phlegrcean Fields In the vol- 
canic district of Naples there are a great number of 
conical hills with craters on their summits, which have 
evidently been produced by one or more explosions, 
like that which threw up the Monte Nuovo in 1538. 
They are composed of trachytic tuff, which is loose 
and incoherent, both in the hills and, to a certain 
depth, in the plains around their base, but which is in- 

• See Fig. 89. p. 21. 
VOL. IV. C 
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diurated below. It is suggested by Mr. Sorope, that 
this difference may be ofmg to tbe circmostance of 
the volcanic vents having hurgl; out ia a ^bailiMF «e% 
as was the case with Monte Nuovo, where there ie a 
similar foundation of hard tvff^ under a covering lof 
loose lapilli. The sub^ueou^ part may hove become 
solid by an aggregative process like that which takes 
place in the setting of mortar> while the vest of tlie 
^ectionsy having accumulated on dry land when the 
cone was raised above tJbe water, may have remained 
in a loosie state.* 

Age of the volcanic and associated rocks of Campama, 
^^If we inquire into the evidence derivable from or- 
ganic remains, respecting the age of the volcanic rocks 
of Campania, we find reason to conclude that such 
parts as do not belong to the Recent are referrible to 
the Newer Pliocene period. In the solid tuff quarried 
out of the hills immediately behind Naples, are found 
jecent shells of the genera Qstrea, Cardium, Buccinum, 
and Patella, all referrible to i^ecies now living in the 
Mediterranean, t Ii^ the centre of Ischia the lofty 
hill called Epomeo, or San Nichola, is composed of 
greenish indurated tuff of a prodigious thickness, inter- 
stratified in some parts with argiUaceoua marl, and 
h^e and there with great streams of indurated lava. 
Vificonti ascertained by trigonometrical measurement 
that thip mountaio was 26Q5 feet above the level of 
the sea. In mineral composition and in form^ as sew 
from many points of view, it resembles the hiU to tbe 
D^th of Naples on the summit ^of which stonds the 
QQ^vent pf Camaldoli, which ia I»64!a &«t in height. I 
f^lkct^d in l$i28 mmy reoenA marine «hoUs fnom^hads 

* Geol. Trans., yol. ii. partiii. p. 351. Second Series, 
t Scrope, ibid. 
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of .clfkj and tuff, not far from the sammit of E4>omeo» 
ahORftt ^2000 feet above the level of the sea, as also at 
another plaoe, about 100 feet below the first, on the 
aouthem deoUvity of the raofrntain, and others stiU 
lojcirer, not far above the town of Moropanou At Casa^ 
Bucciol, and several places near the sea-shore, shells 
have long been observed in stratified tuff and claj« 
From these various points I obtained, during a short 
excursion in Ischia, twenty^-eight species of shells, all 
of which, with one exception, were identified by M. 
Deshayes with recent species.* 

It is clear, therefore, that the great mass of Epo- 
meo was not only raised to its present height above 
the level of the sea, but was also formedy since the 
Mediterranean was inhabited by the existing species 
cf testaoeat 

In the Jschian tuffs we find pumice, lapilli, angular 
ftagments <rf* tracbyttc lava, and other products of 
Igneous ejections, interstratified with some depoisits of 
cJay free ttom any intermixture of volcanic matter. 
These clays might have resulted from the decompo- 
sition of felspathic lava which abounds in Ischia, the 
materials having been transported by rivers and marine 
currents, and spread.over the bottom of the sea where 
testacea were living* All these submarine tuffs, lavas^ 
and clays gf Campania^ very much resemble those 
Wfpund tbe base of Etna, and in parts of the Val di 
Noto before desprSied* 

JExtemal oof^guriiHon rftke.ctmntfyy how caused. — 
When onoe we have satisfied ourselves by inspection aS 
the marine sliells imbedded in tuffs at high elevations, 
that % mass of land like the island of Ischia has bec^ 

* ^S^e ;tbe lin of these shells, Appendix II. first ed. 
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raised from beneath the waters of the sea to its present 
height, we are prepared to find signs of the denuding 
action of the waves impressed upon the outward form 
of the island, especially if we conceive the upheaving 
force to have acted by successive movements. Let us 
suppose the low contiguous island of Procida to be 
raised by degrees until it attains the height of Ischia ; 
we should in that case expect the steep cli£Ps which 
now face Misenum to be carried upwards, and to be- 
come precipices near the summit of the central moun- 
tain. Such, perhaps, may have been the origin of those 
precipices which appear on the north and south sides 
of the ridge which forms the summit of Epomeo in 
Ischia. The northern escarpment is about 1000 feet 
in height, rising from the hollow called the Cavo deUe 
Neve, above the village of Panella. The abrupt man- 
ner in which the horizontal tu£Fs are there cut off, in 
the face of the cliff, is such as the action of the sea, 
working on soft materials, might easily have produced, 
undermining and removing a great portion of the mass. 
A heap of shingle which lies at the base of a steep 
declivity on the flanks of Epomeo, between the Cavo 
delle Neve and Panella, may once, perhaps, have been 
a sea-beach, for it certainly could not have been brought 
to the spot by any existing torrents. 

There is no difficulty in conceiving that if a large 
tract of the bed of the sea near Ischia should now be 
gradually upheaved during the continuance of volcanic 
agency, this newjy raised land might present a coun- 
terpart to the Phlegraean Fields before described. 
Masses of alternating lava and tuff, the products of 
submarine eruptions, might on their emergence be- 
come hills and islands; the level intervening plains 
might afterwards appear, covered partly by the ashes 
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drifted and deposited by water, and partly by those 
which would fall after the laying dry of the tract. 
The last features imparted to the physical geography 
would be derived from such eruptions in the open 
air as those of Monte Nuovo and the minor cones of 
Ischia. 

No signs ofdihmal waves, — Such a conversion of a 
large tract of sea into land might possibly take place, 
while the surface of the contiguous country underwent 
but slight modification. No great wave was caused by 
the permanent rise of the coast near Puzzuoli in the 
year 1538, because the upheaving operation appears to 
have been e£Pected by a succession of minor shocks.* 
A series of such movements, therefore, might produce 
an island like Ischia without throwing a diluvial rush 
of waters upon low parts of the neighbouring continent. 
The advocates of paroxysmal elevations may, perhaps, 
contend that the rise of Ischia must have been anterior 
to the birth of all the cones of loose scoriae scattered 
over the Phlegrsan fields ; for, according to them, the 
sudden rise of marine strata causes inundations which 
devastate adjoining continents. But the absence of 
any signs of such floods in the volcanic region of 
Campania does not appear to me to warrant the con- 
clusion, either that Ischia was raised peviously to the 
production of the volcanic cones, or that it may not 
have been rising during the whole period of their 
formation. 

We learn from the study of the mutations now ia 
progress, that one part of the earth's surface may, for 
an indefinite period, be the scene of continued change, 
whfle another, in the immediate vicinity, remains sta- 

• See VoL II. p. 312. 
C 3 
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Peru. — I have been informed by Mr. A. Cruck- 
shanks, a naturalist who resided for several, years in 
South America, that in the valley of Lima, or Rimao, 
where the subterranean movements have been so vio- 
lent in recent times, there are indications not only 
of a considerable rise of the land, but of that rise 
having resulted from successive movements. Distinct 
lines of ancient sea-cliffs have been observed at various 
heights, at the base of which the hard rocks of green- 
stone are hollowed out into precisely those forms 
which they now assume between high and low water 
mark on the shores of the Pacific. Immediately below 
these water-worn lines are ancient beaches strewed 
with rounded blocks. One of these cliffs appears in 
the hill behind BaSos del Pujio, about seven hundred 
feet above the level of the sea, and two hundred above 
the contiguous valley. Another occurs at Amancaes, 
at the height of perhaps two hundred feet above the 
sea; and others at intermediate elevations. 

Parallel Roads ofCoquimbo, — We can hardly doubt 
that the parallel roads of Coquimbo, in Chili, described 
by Captain Hall, owe their origin to similar causes. 
These roads, or shelves, occur in a valley six or seven 
miles wide, which descends from the Andes to the 
Pacific. Their general width is from twenty to fifty 
yards, . but they are, at some places, half a mile broad. 
They are so disposed as to present exact counterparts 
of one another, at the same level, on opposite sides of 
the valley. There are three distinctly characterized 
sets ; the upper one lies about three or four hundred 
feet above the level of the sea ; the next twenty yards 
lower ; and the lowest about ten yards still lower. Each 
resembles a shingle beach, being formed entirely of 
loose materials, principally water-worn rounded stones, 
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from the size of a nut to that of a man's head. The 
atones iEure principally granite and gnei^, with masses 
of schistusy whinstone, and quartz, mixed indiscrimin- 
ately, and all bearing marks of having been worn by 
attrition under water.* 

The theory proposed by Captain Hall to explain 
these appearances is the same as that which had been 
adopted to account for the analogous parallel roads of 
Glen Roy in Scotland.^ The yalley is supposed to 
have been a lake, the waters of which stood, originally, 
at the level of the highest road, until a flat beach was 
produced. A portion of the barrier was then broken 
down, which allowed the lake to discharge part of its 
waters into the' sea, and, consequently, to fall to the 
second level; and so on successively till the whole 
embankment was washed away, and the valley left as 
we now see it. 

As I did not feel satisfied with this explanation, I 
applied to my friend Captain Hall for additional details, 
and he immediately sent me his original manuscript 
notes, requesting me to make free use of them. In 
tliem I find the following interesting passages, omitted 
in his printed account: — ''The valley is completely 
open towards the sea ; if the roads, therefore, are the 
beaches of an ancient lake, it is difficult to imagine a 
catastrophe sufficiently violent to carry away the bar- 
rier, which should not at the same time obliterate all 
traces of the beaches. I find it difficult also to ac- 
count for the water-worn character of all the stones, 
for they have the appearance of having travelled over 
a great distance, being well rounded and dressed. They 

* Captain Hall's South America, vol. ii. p. 9. 
f See Sir T. D. Lauder, Ed. Roy. Soc. Trans., vol. iz. ; and 
Dr. MaocuUoch, Oeol. IVans., 1st Series, yoL iv. p. 314. 
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are in immense quantity too, and much more than one 
could ex|>ect to find on the beach of. any kke^ aftcL 
seem morepropepfy toMtrng to ike ocean" 

I had entertained- a strong Buspicioa» bef<H^ readhig 
these notes, that the beaches were forloied by the 
waves of the. Pacific, and not by the waters of a lake ; 
in other 'Words, that they bear testimony to the suc- 
cesisive rise of the land, not to the repeated fall of th« 
waters of a lake. M. fioblaye has discomered four of 
five distinct ranges of ancient sea-cliffs, one above the 
other, at various heights, in the Morea, whkh attest 
that that country has been upheaved at as nteny sue* 
cessive periods* He found inland terraces or beaches^ 
covered with shells, at the base o^ precipices worn 1^ 
the modern sea-cliffs by the wavefi> and having, like 
them, many caverns and litbodomaus perforations in 
the hard limestone.* 

Near the northern gate of the town of St. Mibiel, 
south of Verdun, in France^ I have examined a series 
of markings on the face of the limestone cliffsj much 
resembling some of those described by M. Boblaye. 
There are three and sometimes fi)ur distinct horizontal 
grooves, which have been scooped out of a white demi- 
crystalline rock, or marble, of the oolitic period. This 
ancient cliff, which is n^ar the right bank of the Meuse, 
is in part broken into a number of detached rocks, the 
upper parts of which present in some cases precipitous 
sides towards all points of the compass^ round which 
the grooves pass in a circular course,, just as if the 
summit of a rocky islet had been worn by the waves»f 

• Journ. de G^oL, No. x. Feb. 1831 ; Bull, de la Soc. G^L 
de France, torn, iu p^ 2S6.' 

f I hfivd no date for i^ciilatlng ctn the peficd at ivIxScb thtse 
cliffs may hav« eBteligedfimit tbS sea. I wlnr dlr^oted'to th*^spfl«^ 
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CBftain, Bayfield^ in his sunrey of the eoost of the 
Oidf of St. Lawreiice,traoed in several places, especially 
in' the Mingan islands, a succession of sbmgle beaches^ 
the mest distant fnm the ^ere being dxty feet above^ 
She level of the highest tides. He also observed 
water«w<rtm pillars of limestone accompanying these 
beaches^ which bear eridenee of having been worn 
and scooped oat at different periods; the marks of 
the successive action of the water agreeing in level 
with the suiccessive ridges of limestone shingle. The 
drawings of the pillars, made to illustrate his memoir^ 
convince me that they are counterparts of the worn 
rocks which I have seen at St. MihieL* 

If there exist lines of parallel upraised cliffs^ we 
ought to find parallel lines of elevated beaches on 
lliose coasts where the rocks are of a nature to retain 
£or a length of time the marks imprinted on their 
suriSure. We may expect such indications to be pe-^ 
culiarly manitfest in countries where die subterranean 
force has been in activity within comparatively modem 
times, and it is there that the hypothesis of paroxys* 
mal elevations, and the instantaneoto rise of moun- 
tain-chains, should first have been put to the test, 
before it was too hastily embraced and extended. 

which I visited in June, 18 S3, by M. Deshayes;' and I stated in 
tbt second editioa, on kis authority, that the worn rocks we^ eaten 
into by narine lithodomout sheila, but I was unable to ^aborchf 
a^y of these $ and I believe that the fossils of the genus Saxicava^ 
which M. Dcshayes procured from thia place, were of the age of 
the corals of the limestone, not of the date of the excavation of 
the grooves. The fossil corals of this formation (coral rag) fre- 
quently contain liihodomous shelh, tvhich seem to have (Hcrced 
tiie zoophytes while they were still growing in the sea. 
* Proceeding^ of OeoU Soc., N<k SS^ p* 5. 
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West Indian ArcMpelago, — According to the sketch 
given by Maclure of the geology of the Leeward 
Islands, the western range consists in great part of 
£9rmations of the most modem period.* It will be 
remembered, that many parts of this region have been 
subject to violent earthquakes ; that in St. Vincent's 
and Guadaloupe there are active volcanos, and in some 
of the other islands boiling springs and solfataras. In 
St. Eustatia there is a marine deposit, estimated at 
1500 feet in thickness, consisting of coral limestone 
alternating with beds of shells, of which the species 
are, according to Maclure, the same as those now 
found in the sea. These strata dip to the south-west, 
at an angle of about 45°, and both rest upon, and are 
covered by, cinders, pumice, and volcanic substances. 
Part of the madreporic rock has been converted into 
silex and calcedony, and is, in some parts, associated 
with crystalline gypsum. Alternations of coralline 
formations with prismatic lava and different volcanic 
substances also occur in Dominica and St. Christo- 
pher's ; and the American naturalist remarks, that as 
every lava-current which runs into the sea in this 
archipel^o is liable to be covered with corals and 
shells, and these again with lava, we may suppose an 
indefinite repetition of such alternations to constitute 
the foundation of each island. 

I do not question the accuracy of the opinion, that, 
the fossil shells and corals of these formations are of 
recent species ; for there are specimens of limestone in 
the Museum of the Jardin du Roi at Paris, from the 
West Indies, in which the imbedded shells are all or 
nearly all identical with those now living. Part of 

* Quart. Joum. of Sd., toI. v. p. SI 1. 
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this .limestone is 8oft> but some of the spedmens are 
▼eiy compact and crystalline^ and contain only the 
casts of shells. Of thirty species examined by M« 
Deshayes from this rock, twenty-eight were decidedly 
recent. 

HandurM. — Shells sent from some of the recent 
strata of Jamaica, and many from the nearest adjoining 
continent of the Honduras, may be seen in the British 
Museum, and are identified with species now living in 
the West Indian seas. 

East Indian Archipelaffo, — We have seen that the 
Indian Ocean is one of the principal theatres of vol- 
canic disturbance ; it is to be expected, therefore, that 
future researches in this quarter of the globe will 
bring to light some of the most striking examples of 
marine strata upraised to great heights during com- 
paratively modern periods. 

From the observations of Dr. Jack, it appears that 
in the island of Pulo Nias, off the west coast of 
Sumatra, masses of corals of recent species can be 
traced from the level of the sea fmr into the interior, 
where they form considerable hills. Large shells of 
the Chama gigas {Tridcuma^ Lamk.) are scattered 
over the &ce of the country, just as they occur on the 
present reefs. These fossils are in such a state of 
preservation as to be coUected by the inhabitants for 
the purpose of being cut into rings for the arms and 
wrists.* 

Madeira. — The island of Madeira is placed between 
the Azores and Canaries, in both of which groups 
there are active volcanos; and Madeira itself was vio- 
lently shaken by earthquakes during the last century. 

* Geol. Trans., Second Series, voL i. part ii. p. 397. 
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It connsts in great part of volcanic tuft atad porous: 
lata, intersected in some places, as at the Braven 
Heady by vertical dikes of compact lava»* Some of 
(he marine fossil shelte, procured by Mr* Bow^eb 
from this island, are referrible to recent species* 

These examples may suffice for the present, dnd 
lead us to anticipate with confidence, that in almost M 
countries where changes of level have taken place ia 
our own thnes, the geologist will find monnments of a 
prolonged series of convulsions during the Recent and 
Newer Pliocene periods. Exceptions may no doubt 
occur where a particular line of coast i^ sinking down ; 
yet even here we may presume, ftom what we know 
of the irregular action of the subterranean forces, that 
some cases of partial elevation will have been caused 
by occasional oscillations of level, so that modem 
subaqueous formations will, here and there, have been 
brought up to view. 

I shall conclude by enumerating some exceptions to 
the rule above illustrated, — instances of devation 
where no great earthquakes have been recently ex^ 
perienced* 

Sean^navia. — The first and most important is that 
of Sweden, before described in detaiLf This country, 
although firee from convulsions^ was shown to be 1^^ 
theatre of unceasing changes in the rdative level of 
land and sea. We accordingly discover in it deposits 
of sand, marl, and day, several hundred feet in ^ick^ 
Hess, and containing recent species of marine shells 
raised to the height of 200 feet, and even in Norway 
400 feet above the sea, and eoetendhag at some points 
flar into the interior. 

• MS. of Captaia B. Hall, 
f Book ii. chap. xvu. 
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GtoscbH near Niee. -* At a spot cafied GiioscBily near 
Kice, east of the Bay of ViHcfranche^ in the peninsalb 
of St. Hospice, a reorarkable bed of fine sand oocvurs 
at an elevation of about fiflj feet abdve die sea.* 
This sand te$ts on indtned secondary rocfcsy and is 
filled with the remains of marine species^ all ideA»- 
tical widi diose now inhabiting the neighbouring 8e& 
Ko less iJtuok two hundred speeiea of diells, amd ku 
reral orustacea and echini, have been obtained by 
M. Risso, in a high state of preservation, although 
mingled with broken shells. The winds have blown 
up large heaps of similar sand to consideraUe heights, 
upon ledges of the steep coast farther westward ; but 
the position of d)e deposit at Grosceil cannot be re- 
ferred to such agency, for among the shells may be 
seen the large Murex Triton, Limi., and a species of 
Cassis, weighmg a poond and a half. 

West cf Engliand,-^TYie proofs lately brought to 
light of analogous elevations on our western shores, in 
Caernarvonshiris and Lancashire, during some conu 
paratively modem period, were before pointed outf ; 
but the data are as yet exceedingly incomplete. 

WegUm borders of the Med /S^-^ Another excep- 
tion may be alloded to, for which we are indebted to 
the researches of Mr. James Burton* On the western 
shores of the Arabian Gulf, alrarat half way between 
Suez and Kosire, in the ^th degree of north latitude, 
a formation of white limestone and calcareous sand is 
seen, reaching the height of 900 feet above the i^ea. 
It is replete with fbssil shells, all of recent speciefs, 
which are in a beautiful state of preservation, many of 

• I examined this locality, in company with Mr. MnrehiSiDn, 
in 189S. 
t See description ol ths Map, Vol* I. p. Sia 
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them retaining their colour.* The volcano of Gabel 
Tor, situate at the entrance of the Arabian Gulf, is 
the nearest volcanic region known to me at present. 

Timor. — In the island of Timor, which approaches 
very near to the great volcanic band traced by Von 
Buchf y M. P^ron mentions the occurrence of corala 
and marine shells, apparently of recent species j: ; and 
Dr. Fitton, in his account of Capt. King's collection of 
rocks from Australia, mentions a calcareous sandstone 
and breccia, at the height of several hundred feet 
above the sea, on many parts of the Australian coast.^ 
Future observations must decide whether these form- 
ations belong to the newest tertiary era, as conjectured. 
Some of the above examples certainly afford proofs 
of elevation, since the commencement of the Newer 
Pliocene period, to considerable heights, in countries 
far from the existing theatres of volcanic action ; yet 
in these instances the upraised deposits containing 
recent shells appear in general to be confined to the 
coast, and not to enter largely, like those of Sicily, 
into the structure of mountains in the interior. 

But the reader must not infer, from the facts above 
detailed, that marine strata of the Newer Pliocene 
period have been produced almost exclusively in coun- 
tries oi earthquakes, or where changes of level are 
taking place, as in Sweden. If our illustrations have 
been drawn chiefly from modem volcanic regions, it is 

* These fossils are dow in the museum of Mr. Greenough, in 
London, and duplicates, presented by him, in the cabinets of the 
Geological Society. A list of them was given in A pp. II., first 
edition. 

f See Map, Vol. II. 

\ Voy. ddcouT. des Terres Australes, vol. iL pp.165. 18S. 

§ App. to Captain P. King's Australia. 
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simply because these formations have been made 
visible in those districts only where the conversion of 
sea into land has taken place in times comparatively 
modem. Other continents have, during the Newer 
Pliocene period, suffered degradation, and rivers and 
currents have deposited sediment in other seas; but the 
new strata remain concealed wherever no subsequent 
alterations of level have taken place. 

Yet, to a certain limited extent, the growth of new 
subaqueous deposits may have been greatest where 
igneous and aqueous causes have co-operated. It is 
there that the degradation of land is most rapid, and it 
is there only that materials ejected from below, by 
volcanic explosions, are added to the sediment trans- 
ported by running water.* 

* See Book ii. chap. xv. ; and Book iii. chap, xviii. 
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CHAPTER XI* 

NSWEB PLIOOEIIE FOBMATION0 -^ FRBSR-WATHll ANS^ 

ALXiirtlAI^. 

Newer Pliocene fresh-water fortnations --^Vi^y of the El6a«*« 
Travertins of Rome — Loess of the Valley of the Rhine — • Cc^ 
tains recent terrestrial and aquatic shells — Its origin^ 
Osseous breccias of the Newer Pliocene era (p. 51.) — Fossil 
bones of Marsupial animals in Australian caves'— Newer Plio- 
cene alluviums (p. 57.)— 'European alluviums chiefiy tertiary 
— Erratic blocks of the Alps — Theory of their traqspofMtiMt 
by ice, 

Fresh'WcUer FormatUms.^^lTA this chapter I shall treat 
of the fresh-water formations, and of the cave breccias 
and alluviums of the Newer Pliocene period. 

In regard to the first of these, they must have been 
formed, in greater or less quantity, in nearly all the 
existing lakes of the world; in those, at least, of which 
the basins were formed before the earth was tenanted, 
by man. If the great lakes of North America origin- 
ated before that era, the sedimentary strata deposited 
therein, in the ages immediately antecedent, would, 
according to the terms of our definition, belong to the 
Newer Pliocene period. 

Valley of the Elsa. — As an example of the strata 
of this age, which have been exposed to view in con- 
sequence of the drainage of a lake, I may mention 
those of the valley of the £lsa, in Tuscany, between 
Florence and Sienna, where we meet with fresh-water 
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faarls and Cravertins full of ishells) belonging tio speeteft 
winch noir life in the lakes uid riirers of Italy* 
Valleys several hundrisd feet deep have been excavalied 
titrough the laemtriae bedi^ and the ancient town 
ef GoWe stands on a hill composed of Uiemi The sub« 
jaoeat ^mnationconsists of marine Subapennine bedb^ 
in which more than half the shells are of recent 
species. The fresh«^ater shells which I collected neav 
Colle are in a very petfect state, and the colours of 
the Neritinse ore pecuiiariy brilliant.* 

Tratfertins of Home. — Many of the travertins and 
cakareiHJS tufas vfbieh. cap tite htil» of Rome may also 
belong to the same period. The terrestrial shells in^ 
closed in these masses are of the same species an 
those now aboanding in the gardens of Rome,^ and the 
accompanying aquatic shells are such as are found in 
the streams and lakes of the Campagna. On Mount 
Aventine, the Vatican^ and the Capitoi> we find abcmdr 
ance of vegetMe matter, prioeipally reeds, encrusted 
with calcareous- tu&^- and intermixed with v(^canie 
sand imd pumice. The tusk of a mammoth has been 
procured ftrom this forinaitaon, filled in the interior with 
solid travertin, wherein sparkling orystals of augite are 
interspersed, so that the bone has all the appearance 
of having been extracted from a hard crystalline 
rocket 

These Roman tufas and travertins repose partly oo 
marine tertiary strata, belongings peiiiaps, to the Okler 
Pliocene ere, and partly on vokantc tufi^of a still Uter 

* The fdUowing six pieces, all of which now inhabit Italy, 

were identtfied by H. Desbayet : ^ PaltuUna wipurat NerHina 

JIfumaiUU, Sucdnea omphibieii fJimnea fitirten/anftfy £. joenrgen^ and 

t Tbi« fosail Wat sbows me by SigHof BdccioU* at Bmne. 
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date. They must have been formed in small lakes and 
marshes, which existed before the excavation of the 
valleys which divide the seven hiUs of Rome, and they 
must originally have occupied the lowest hollows of the 
country as it then existed; whereas now we find them 
placed upon the summit of hills about 200 feet above 
the alluvial plain of the Tiber. We know that this 
river has flowed nearly in its present channel ever since 
the building of Rome, and that scarcely any changes 
in the gepgraphical features of the country have taken 
place since that era. 

When the marine tertiary strata of this district were 
formed, those of Monte Mario for example, the Medi- 
terranean was already inhabited by a large proportion 
of the existing species of testacea. At a subsequent 
period, volcanic eruptions occurred, and tuffs were 
superimposed. The marine formation then emerged 
from the deep, and supported lakes wherein the fresh- 
water groups above described slowly accumulated, at 
a time when the mammoth inhabited the country. 
The valley of the Tiber was afterwards excavated, and 
the adjoining hills assumed their present shape; and 
then a long interval may, perhaps, have elapsed before 
the first human settlers arrived. Thus we have evi- 
dence of a chain of events, all regarded by the geolo- 
gist as among the most recent, but which, nevertheless, 
may have preceded, for a long series of ages, a very 
remote era in the history of nations. 

Loess of the valley of the RhineJ^ — A remarkable 

* Since the publication of the octftvo edition, I have bad 
opportunities of re-examining the loess in the country between 
Cologne and Heidelberg, especially near Andemacb, and of 
studying it in several parts of Baden, Darmstadt, Wurtemberg, 
and Nassau. The details of these observations have been given 
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deposit of calcareous loam, containing land and fresh- 
water shells of recent species, occurs here and there, 
in detached patches, throughout the valley of the 
Rhine, between Basle and Cologne, and on the flanks 
of the hills bordering the great valley. This deposit 
is proviAcially- termed "loess" by the Germans, and 
in Alsace, " lehm/' 

According ^o M. Leonhard, the loess at Heidelberg 
consists chiefly of argillaceous matter^ combined with 
a sixth part of carbonate of lime, and a sixth of quartz- 
ose and micaceous sand. It may be described as a 
pulverulent loam, of a dirty yellowish-grey colour, 
often containing calcareous sandy concretions or no- 
dules, rarely exceeding the size of a man's head. Its 
entire thickness, in some places, amounts to between 
200 and 300 feet; yet there are often no signs of 
stratification in the mass, except here and there at 
the bottom, where there is occasionally a slight in- 
termixture of drifted materials derived from subjacent 
rocks. 

I am informed by M. Studer, that the loess does not 
extend into Switzerland, but the Kaiserstuhl, a group 
of volcanic hills, standing almost in the middle of the 
plain of the Rhine, south of Strasburg, is covered with 
it to a great height; and I have seen it in large masses 
near the base of the Vosges, on the left side of the 
plain of the Rhine, near Strasburg, and on the right 
side^ at the base of the mountains of the Black Forest. 
It extends also far into Wurtemberg, up the valley of 



in a memoir read to the Geological Society in May, 1834, when 
I explained at length my reasons for changing and modifying some 
opinions formerly expressed in regard to the origin of the Loss, 
and its relations to the rolcanic formations of the Lower Eifel. , 



ibs Neckar, and from Frankfort, up the yalley of the 
i Msayney to above Dettelbach. In Naasau it is seen at 

Limburg, in the valley of the Lahn ^ and in Darm- 
stadt, in the .countries round Mayence, Oppenheim, 
and Worms. 

It rises to a considerable height at Zeuten and 
Odenau, east of the Rhine, at a short distance firQin 
the Bergstrasse, between Wiesloch and Brucbsal, a 
locality first pointed out to me by Professor Bronn, 
where it is several hundred feet thick, and containa, 
both in the sofl loam and in solid calcareous concre- 
tions, many shells, some of which retain occasionally 
their colour. The lower p(H*ts of this loess alternate 
with beds of alluvium derived from the degradation pf 
the variegated sandstone and marl (hunter sandstein) 
of which the surrounding country is composed. 

As the pure loess exhibits no divisions into strata, 
I.at first imagmed, with several other geologists, tha,t 
this deposit was thrown down suddenly from the 
muddy waters of a transient flood, in the same manner 
as the moya of the Andes, or as the trass of the Rhine 
volcanos is generally believed to have been formed. 
But on re-examining the places where loess and allu- 
vium, or loess and layers of volcanic matter alternate, 
I am compelled to renounce this view. In the deqp 
gravel pits without the Manheim gate of Heidelberg, 
loess is seen interstratified with gravel; and here more 
than one bed containing land and fresh-water shells 
ftests upon, and is covered by, a stratum of gravel, 
showing the effects of successive accumulation. I 
observed the same fact in the valley of the Lahn, 
north of Limburg, near the village of £lz ; and Pro- 
jGess^r Bronn informs me, that the calcareous concre- 
tions of the loess are sometinies arrai:^ed in horizontitl 
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lof ens, masking ^ differenoe io the carbonate of lime 
with which the sediment :miist hme been diarged at 
diffiscent periodsu 

MammifecouB xemains are rare in the Ioqss ; but it 
IB <said that the bones of Uie mafluaaoth, horse» and 
some other quadrupeds, have been met with : but the 
me«t characteristic fossils are landrshells ; and it will 
naturally be asked in <what manner so prodigious a 
quantity of such shells could become buried at various 
depths in a^ subaqueous deposit. The answer is, that 
the Rhine, in our own times, bears down ann«allj to 
die sea thousands of empty snail-shells, washed away 
during heavy rains, together with the floating sheUs 
of aquatic moUusca from streams, lakes, and stagnant 
pools. In the summer of 183S, I collected several 
hundred shells, which were eKposed on the margin of 
the Rhine, <m the &11 of the waters, or had been cast 
ashore by large waves raised by the steam^boats ; and 
on comparing them with a still larger coUeotion ob- 
tained from the loess, the two groups proved to be 
referriUe for the most part to identical secies, and in 
both the terrestrial predominated numerically over the 
aquatic species. The genera most abundantly repre*' 
seated in «ach were Helix, Pupa, Limnea, Faludinfly 
imd Planorbis* But among the recent shells of the 
Rhine, the Unio and Neritina sometimes occurred; 
genera of wshich I never found any species in the 
loess* 

Vowy it has been ascertained, that the waters of the 
Rhine, when evaporated* l^ve a residuum of calcare* 
PUS lpam» not distiiiguisbable from loess* ; so that» if 

* See Mr. Horner, t>ii the Stdinent of the BliiiK, Prooeedfogs 
9t GooU tei., isas. 
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these waters should enter a lake, they might give rise 
to a deposit, not only containing the same shells as the 
loess (with the exception of some fluviatUe species)* 
but having also the same mineral characters. 

The loess is found reposing on every rock» from the 
granite near Heidelberg, to the gravel of the plains 
of the Rhine. It overlies almost all the volcanic de- 
ducts, even those between Neuwied and Bonn, which 
have the most modern aspect; and it has filled up, in 
part, the crater of the Roderberg ; at the bottom of 
which a well was sunk, in 1833, through seventy feet 
of loess. Here, as elsewhere, it is a yellow loam with 
calcareous concretions, and has not the character of a 
local alluvium. 

It is remarkable, indeed, that the loess is scarcely 
ever affected by the nature of the rocks which underlie 
or immediately surround its site, but wherever it occurs 
appears as if derived from one common source. 

On revisitmg the sections near Andemach, which 
have been appealed to by MM. Steininger, Hibbert, 
and others, as proving that some of the last eruptions 
of the Lower Eifel took place both during and since the 
deposition of the loess, I found it impossible not to 
come to the same conclusion. The loamy sediment 
may be seen in the Kirchweg, above Andemach, alter- 
nating with volcanic matter, over which is a mass of 
pure and unmixed loess, thirty feet and upwards in 
thickness, containing the usual shells; and over the 
whole are strewed layers of pumice, lapilli, and vol- 
canic sand, from ten to fifteen feet thick, very much 
resembling the ejections under which Pompeii lies 
buried. There is no passage at this upper junction 
from the loess into the pumiceous superstratum ; and 
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this last fbUowB the slope of the hill, jnst as it would 
haye done had it fallen in showers from the air on a 
declivity partly formed of loess. 

The greatest known height attained by the loess is 
near Heilbronn, where it covers the slopes of some 
hills two or three hwidred feet above the Neckar ; that 
river being there about 500 feet above the sea. What- 
ever theory we adopt to explain the position of such 
elevated masses, it must always be evident that great 
geographical changes have taken place in the coun* 
tries bordering the Rhine since some of the loess 
was formed, and, consequently, since the recent species 
of terrestrial and aquatic shells were in existence. 

On the other hand, when we find the loess over- 
lying the gravel of the Rhine near Strasburg, Bonn, 
and other places, we are compelled to admit that a 
great part of it was formed afler the country had 
acquired nearly its present configuration. The first 
idea which has probably occurred to every one, after 
examining the loess between Mayence and Basle, is, 
to imagine that a great lake once extended throughout 
the valley of the Rhine between those places, which 
sent off large branches up the course of the Mayne, 
Neckar, and other tributary valleys. The barrier of 
such a lake might be placed somewhere in the narrow 
and picturesque gorge of the Rhine between Bingen 
and Bonn. But this theory is insufficient to explain 
the phenomena ; for that gorge itself has once been 
filled with loess, which must have been tranquilly de- 
posited in it, as also in the lateral valley of the Lahn,. 
communicating with the gorge. The loess has also 
overspread the high adjoining platform near the village 
of Piaidt, above Andemach. Nay, on proceeding 
farther to the north, we discover that the hills which 

VOL. IV. D 
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skirt the valley between Bonn and Cologne have loess 
on their flanks, which also covers here and there the 
gravel of the plain as fistr as Cologne. 

Instead of supposing one comnnuous lake of suf- 
ficient extent and depth to allow of the ^simultaneous 
accumulation of the loess at various heights, through- 
out the whole area where it now occurs, it might be a 
less violent hypothesis to assume that the countries 
drained by the Rhine and Its tributaries, ^er tliey had 
nearly acquired their actual form and leading gec^ra- 
phical features, underwent great changes of level, bj 
movements contemporaneous with the last series of 
volcanic erupticms of the Lower E^fel. Different parts 
of this region may have been alternately depressed 
and upraised in such a manner that they were each 
in their turn submerged beneath the waters of the 
Rhine, and covered with its sediment and floating 
shells. Gravel may have been intermingled in some 
places where the tributaries of the Rhine brought 
down coarser alluvium. After various tracts had thus 
been inundated in succession, covered with loess, and 
then laid dry, the larger portion of the loess must have 
been removed by denudation ; a process which is still 
going on continually, as the particles of so fine a loana 
aUow of their being washed away very readily 'by 
rain. 

It is not, I think, impossible that some of the newly- 
Ibrmed lakes in the basin of Red River, in Louisiana, 
before described, may have been occasioned by changes 
m the relative level of the lands there flooded ; for the 
(valley of the Mississippi is one of the modern theatres 
of earthquakes.* Now, the oourse «f Red River far 

• Vol. I. p. 286. 
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exceeds in length/ and is indeed nearly double, that of 
the Ehine ; and whatever may be the causes which are 
giving rise to the successive subniergejK;e of its plains, 
they must also occasion the accumulation in many 
parts of that great valley of the red ochreous «ediment 
«o peculiar to Red River. 

If the fluctuations in the relative levels of this great 
American valley should, in the course of ages, be so 
in^rtant as to produce elevations and subsidences to 
the amount of several hundred feet, the results, in 
regard to the superficial distribution of red fluviatile 
inud, might be very analogous to those observed in the 
position of the yellow loess in the valley of the Rhine 
above considered.* 

Osseous breccias — Sicily, — The breccias lately 
found in several caves in Sicily belong evidently to 
the period under consideraticm. I have shown, in the 
iixth chapter, that ^he cavernous limestone of the 
Val di Noto is cf veiy modem date, as it contains a 

Fig. 90. 



All * «M "^ 

C. Limestone ^onUamng remains of recent shells. 

* For particulars concerning the loess of the Rhine, consult 
the works of MM. Broon, Leonhard, Bou^, Voltz, Noeggeralli, 
Steininger, Merian, Rozet, Von Meyer, and Hibtat. 
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great abundance of fossil shells of recent species ; and 
if any breccias are found in the caverns of this rock, 
they must be of still later origin. 

We are informed by M. Hoffmann, that the bones 
of the mammoth, and of an extinct species of hippo- 
potamus, have been discovered in the stalactite of 
caves near Sortino, of which the situation is repre- 
sented in the annexed diagram at b. The same au- 
thor also describes a breccia, containing the bones of 
an extinct rhinoceros and hippopotamus, in a cave in 
the neighbourhood of Syracuse^ where the country 
is composed entirely of the Val di Noto limestone. 
Some of the fragments in the breccia are perforated 
by lithodomi, and the whole mass is covered by a 
deposit of marine clay filled with recent shells.* 
These phenomena may, I think, be explained by sup- 
posing such oscillations of level as are known to occur 
on maritime coasts where earthquakes prevail — such, 
in fact, as have been witnessed on the shores of the 
Bay of Baiae within the last three centuries.f For 
it is evident that the temporary submergence of a 
cave filled with osseous breccia might afford time for 
the perforation of the rock by boring testacea, and 
for the deposition upon it of mud, sand, and shells. 

The association in these and other localities of 
shells of living species with the remains of extinct 
mammalia is very distinct, and corroborates the in- 
ference adverted to in a former chapter, that the lon- 
gevity of species in the mammalia is, upon the whole, 
inferior to that of the testacea. I am by no means 

* Hoffinaon, Archiv fur Mineralogie, p. 393. Berlin, 1831. 
Dr. Christie, Proceedings of Geol. Soc., No. xxiii. p. 333. 
t Vol. II. p. 312. 
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indioed to refer this circumstance to the intervention 
of man, and his power of extirpating the larger qua- 
drupeds; for the succession of maminiferous species 
spears to have been in )ike manner comparatively' 
rapid throughout the older tertiarj- periods. Their 
mare limited duration depends, in all probability, on 
physiolc^ical laws, whicA render wann-blooded qua- 
drupeds less capable, in general, of accommodating 
themselves to a great variety of circumstances, and, 
consequently, of surviving the vicissitudes to which 
the earth's surface is exposed in a great lapse of 
ages.* 

Caoet near Palermo. — The caves near Palermo 
exhibit appearances very analogous to those above 
described, and much curious information has been 
Fig. 91. 
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lately published respecting them. According to Kofi^ 
mano, the grotto of San Giro is distant about two 
miles from Palermo, and is twenty feet high and ten 
wide. It occurs in a secondary Hmestone^ in the 
Monte Grifbne, at the base of a rocky precipice abfHMt 
180 feet above the sea. From the foot of tiiis precis 
pice an inclined plane, consisting of horizontal tertiary 
strata, oi the Newer Pliocene period, extends to tke 
sea, a distance of about a mile. 

The limestone escarpment was evidently once a 
sea-ol^, and the ancient beach still remains formed of 
pebbles of various rocks, many of which m.ust have 
been brought from places far remote. Broken pieces 
of coral and shell, especially of oysters and pectens^ 
are seen internnngled with the pebbles. Immediately 
above the level of this beach, serpulse are still found 
adhering to the face of the rock, and the limestone is 
perforated by lithodomi. Within the grotto, also, at 
the same level, similar perforations occur; and so 
numerous are the holes, that the rock is compared by 
Hoffmann to a target pierced by musket balls. But 
in order to expose to view these marks of boring-shells 
in the interior of the cave, it was necessary first to re- 
move a mass of breccia, which consisted of numerous 
fragments of rock and an immense quantity of bones 
imbedded in a dark brown calcareous marl. Many of 
the bones were rolled as if partially subjected to the 
action of the waves. Below this breccia, which is 
about twenty feet thick, was found a bed of sand filled 
with sea-shells of recent species ; and underneath the 
sand, again, is the secondary limestone of Monte Gri-> 
fone. The state of the surface of the limestone in the 
cave above the level of the marine sand is very differ- 
ent from that below it. AbovBy the rock is jagged and 
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uneven^ as is uankeA in the roo& and sides of limestone 
oavems ; behw^ the suriaee is smooth and polished^ as 
if by the a&triiion of the iwaves. 

So enonnous was the quantity of bonesi that many 
diip-loads were exported in die yeavs 1829 add 183(M 
in the hope of ^mv retaining a sufficient quantity of 
gelatine to serve for refining sugar ; for which, how* 
ever, they proved useless. The bones belong chieiy 
to the mammoth [E.pnimigemus)^ and with them are 
those of an . hippopotamus, distinct from the reeent 
i^cies, and smaller than that usually found fossil* 
Several speeies of deer, also, and, acootding to some 
aeconnts, the remains of a bear, were discovered. 

It is easy to explain in what manner the cavern of 
San Giro was in part filled with sea-sand, and how the 
surface of the limestone became perforated by litho* 
doml ; but in what manner, when the elevation of the 
rocks and the ancient beach had taken place, was the 
superimposed osseoue beeccia formed ? For want of 
more exact locoi details, it would be rash to speculate 
on this subject; but by reforring to what was [»«« 
viously said of cavrens near the sea^shore of the Morea, 
from which rivers escape, the reader may conceive 
that caves, afler having been submerged and filled with 
aearsand, may afterwards be upraised and flooded by 
the waters of engulphed rivers washing down animal 
remains from the land.* 

Two other caverns are described by Dr. Christie as 
occurring in Mount Beliemi, about four miles west of 
Palermo, at a h^her elevation than that of San Giro, 
being more than three hundred foet above the level of 

* See Vol. IIL p. 828* 
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tlie sea. In one of these places the bones we found 
only in a talus at the outside of the cavern ; in the 
other, they occur both within the cave and in the talus 
which slopes from it to the plain below. These caves 
appear to be situated much above the highest point 
attained by the tertiary deposits in this neighbouriiood; 
nor is there the slightest appearance in the caves 
themselves of the sea having been there.* 

AustraUan casoeAumxiuu. — Ossiferous breccias have 
lately been discovered in fissured and cavernous lime- 
stone in Australia, and the remains of the fossil mam- 
malia are found to be referriUe to species now living 
in that country, mingled with some relics of extinct 
animals. Some of these caves have been examined by 
Major Mitchell, in the Wellington Valley, about 310 
miles west of Sydney, on the river Bell, one of the 
principal sources of the Macquarie, and on the Mac- 
quarie itself. 

The fissures and caverns appear to correspond 
closely with those which contain similar osseous brec* 
das in Europe: they often branch off in different 
directions through the rock, widening and contracting' 
dieir dimensions, the roofs and floors being covered 
with stalactite. The bones are often broken, but do 
not seem to be water-wom. In some caves and fissures 
they lie imbedded in loose earth, but usually they are 
included in a brecda, having a red odireous cement 
as hard as limestone, and like that of the Mediter- 
ranean caves. 

The remains found most abundantly are those of 
the kangaroo. Amongst others, those of the Wombat 

* Dr. T. Christie, on certain Newer Deposits in Sicily, &c. — 
Jameson, Ed. New Phil. Jour., No. xxiiL p. 1. 
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DasyuniB) Kaola» and Phalangista, have been recog- 
nized. . The greater pan of them belong to existing, 
but some to extinct, species. One of the latter bones, 
of. much greater size than the rest, is supposed, by 
Mr. Clift, to belong to an hippopotamus.* 

In a collection of these bones sent to Paris, Mr. 
Pentland thought he could recognize a species of 
Halmaturus exceeding in size the largest living kan- 
garoo, f 

These facts are full of interest, for they prove that 
the peculiar type of organization which now character- 
izes the marsupial tribes has prevailed from a remote 
period in Australia ; and that in that continent, as in 
Europe, North and South America, and India, some 
species of mammalia have become extinct. It also 
appears, although the evidence on this point is still 
incomplete, that among the extinct were land quadru- 
peds fkr exceeding in magnitude any of the wild 
animals now inhabiting New Holland. :[: 

Newer Pliocene Alluviums. — Sojne writers have 
attempted to introduce into their classification of geo- 
logical 'periods an aUuvial epochy as if the transport- 
ation of loose matter from one part of the surface of 
the land to another had been the work of one particu- 
lar period. 

With equal propriety might they have endeavoured 
to institute a volcanic period, or a period of marine 

* Mr. Clift, £d. New Phil. Journ., No. xx. p. 394. Major 
Mitchell, Proceedings of Geol. Soc., 1831, p. 321. 

f Journ. de Geologic, tome iii. p. 291. The bone mentioned 
88 that of an elephant by Mr. Pentland, was the same large bone 
alluded to by Mr. Clift. 

I For remarks on the mode in which these caverns may have 
been filled with osseous breccias, see Vol. III. p. 225. 
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or freshwater deposition ; for aUuTial formations' muflC^ 
haw originated in everf age, since the surfkce ot the 
earth was first divided into lan<d and sea, bm mose 
rapidly in any given distrief at l^ose periods whei» 
land has been upheaTed above, or depressed below, 
its former level.* 

If diose geologists who speak of an << alluvial epoch** 
intend merely to say that a great part of the £uro»> 
pean alluviums are tertiary y there may undoubtedly 
be some truth in the opinion ; for the lietrger paf t of 
the existing continent of Europe had emerged from 
beneath the waters during some one or other of the 
tertiary periods f ; and it is probaUe, that even those 
districts which were land before the commencement 
of the tertiary epoch, may have shared in the subter- 
ranean convulsions by which the levels of adjoining 
countries have since been altered. During such sab- 
terranean movements new alluviums might be formed 
in great abundance, and those of more ancient date so 
modified as to retain scarcely any of then: original 
distinguishing characters. 

During the gradual rise of a large area, first f^om 
beneath the waters, and then to' a great height above 
them, several kinds of superficial gravel must 6e 
formed and transported from one place to another. 
When the first islets begin to appear, and tiie brewers 
9re foaming upon* the new-raised reefs, many rocky- 
fragments are torn off and rolled along the bottom 
of the sea. 

Let the reader recall to mind the action of the tides 
and currents off the coast of Shetland, where blocks 
of granite, gneiss, porphyry, and serpentuie, of enoc- 

* See definition of alluvium, Volt III. p. 218. 
t See map, Vol. I. p. 209. 
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moas dimensionB) are continually detached from wast- 
ing cM» during storms, imd carried in a few hours to 
a distance of many hundred yards from the parent 
rocks.* Suppose the floor of the ocean, after being 
thus strevred ov«r with detached blocks and pebbles, 
to be converted parti^ly into land, the geologist might 
then, periMips, search in vain for the masses from which 
the fragments were originally derived, since part of 
these may have been consumed by the waves, and the 
rest may remain submerged beneath them. 

If this new land be then uplifted to a considerable 
height, the marine alluvium before alluded to would 
be raised up on the summits of the hills and on the 
surface of elevated platforms* It might still consti- 
tute the general covering of the country, being want- 
ing only in such valleys and ravines as may have been 
caused by earthquakes, or excavated by the power of 
running water during the rise of the land ; for the 
alluvium in those more modern valleys would consist 
partly of pebbles washed out of the older gravel before 
mentioned, but chiefly of fragments derived from the 
rocks which were removed during the erosion of the 
valleys themselves. 

Erratic blocks. — Blocks of extraordinary magnitude 
have been observed at the foot of the Alps, and at 
a considerable height in sonfie of the valleys of the 
Jura, exactly opposite the principal openings by which 
great rivers descend from the Alps. These fragments 
have been called << erratic," and many imaginary causes 
have been invented to account for their transport- 
ation. Some have talked of chasms opening in the 
ground immediately below, and of huge fragments 

* See Vol. III. p. 12. 
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having been cai^t out of them from the bowels of the 
earth. Othlers have referred to the deluge, an agent 
in which a simple solution is so often found of every 
difficult problem exhibited by alluvial phenomena; and 
more recently, the sudden rise of mountain-chains has 
been introduced as. a cause which may have given rise 
to diluvial waves, capable of devastating whole conti- 
nents, and drifting huge blocks from one part of the 
earth's surface to another. 

It seems necessary to suppose that the Jura once 
formed a prolongation of the Alps, and that large frag- 
ments of rock were, at a remote period, detached from 
the Alpine summits, and transported to lower hills or 
platforms, which were destined afterwards to be up- 
raised and to form the independent chain now called 
the Jura. Ice, as has been often suggested, may have 
contributed its aid to the transfer of such blocks ; for 
some of the masses are so enormous, that not even a 
flood like that in the vaUey of Bagnes, in 1818*, can 
be supposed to have conveyed them to considerable 
distances by the power of water alone. 

That the Alps must have been moved and shaken 
by earthquakes at periods comparatively modern, is 
evident from the fact that they are skirted on their 
northern, southern, and eastern flanks by marine ter- 
tiary strata. When these were raised into their present 
position, to the height of many hundred feet above the 
sea, the whole of the older chain must have partici- 
pated in the convulsions. 

It is important, therefore, to consider what would 
now happen if regions like that of Mont Blanc were 
subjected to earthquakes. Large fragments of rock, 

• See Vol.1, p. 291. 
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detached by the action of rain and irost firom the 
peaks << or needles/' as they are called, of Chamouniy 
fall annually on the sur^e of the glaciers, and are 
gradually transported by ice to the distance of many 
leagues into the vallejrs below.* The shock of an 
earthquake would throw down a prodigiops load of 
similar but far heavier masses, accompanied by ava- 
lanches of "snow and ice, by which the moraine of the 
glacier would be greatly enlarged. If the shocks took 
place on the eve of a thaw in spring, when the accu- 
mulated snows of winter were beginning to melt, they 
would cause almost every where immense avalanches, 
by which many narrow gorges might be choked up, so 
that the ^^alleys above such barriers of snow, ice, and 
rock would be converted into lakes. Portions of the 
rent glaciers, moreover, would at their lower extre- 
mities be covered with water, and might be floated 
off together with incumbent and included fragments of 
rock. At length, on the bursting of the temporary 
barrier, the whole mass of waters, together with huge 
rocks buoyed up by ice, would descend with tremend- 
ous violence into the lower country. 

The manner in which the ice of rivers and of the 
sea itself contributes, in the Baltic and other northern 
regions, to transport large blocks, as well as smaller 
pieces of stone, to vast distances, has been treated of 
in a former chapter.f 

Sieify. — Assuming, then, that almost all the Eu- 
ropean alluviums are tertiary, we have next to inquire 
which of them are of Newer Pliocene origm. It is 
dear that, when a district, like the Val di Noto, is 
composed of rocks of this age, all the alluvium upon 

• Vol. I. p. 265, t See Vol. I. p. 267. 
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ijkm surfkce must necessarily belong eitber to the 
^eirer Pliocene or the Recent epoch. If, therefore, 
the elevation of the mountains of the Va^ di Noto was 
chiefly accomplished antecedently to the Recent epoeh, 
we must at once pronounce all allutiums, in the posi- 
tion indicated at a. Fig. 90. (p. 51.), to belong W the 
Newer PHocene era. I sa^ gravel so situated at 
Grammichele in Sicily, and was informed that it con- 
tained the bones of the mammoth. 

Sweden. — I also believe tha^ a large portion of what 
is usually termed diluvium, spread over the land bor> 
dering the eimtern and western coasts of Sweden, m«y 
properly be called alluvium of the Recent and Newer 
Pliocene periods* 
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CHAPTEK XII. 

OLDSR FLMCKEVB VOnUJOWKS. 

Geological monuments of the older Pliocene period'-— Subapen« 
nine formations —- Opinions of Brocchi — Different groups 
termed by him Subapennine are not all' of the same age •— 
Mineral compositiDti of the Subapennine formatiuAs -^ Marfe 
-^ Yellow sand' and grainal — Subapcnnikie beds, how formed 
(p. 70.) — lUustfatim deriiml framt he Upper Val d*Amo-^ 
Organic remains of Subapennine hilis »- Older Flioeeaa strata^ 
at the base of the Maritime Alps — Genoa (p. 77.) — Sa- 
vona — Albenga — Nice — Conglomerate of Valley of Mag- 
nan — Its origin — Tertiary strata at the eastern extremity of 
the Pyrenees. 

Subapennine strata, — We must now carry our re- 
trospect one step fkrther, and treat of the monuments 
of Uie era innnediately antecedent to that last con- 
sidered. The Apennines, it is well' known, are com- 
posed chiefly of secondary rocks, forming a chain which 
branches off from the Ligurian Alps and passes down 
the middle of the Italian peninsula. At the foot of 
these mountains, on the side both of the Adriatic and 
the Mediterranean, are found a series of tertiary strata, 
which form, for the most part, a line of low hills occu- 
pymg the space between the older chain and the sea. 
Brocchi, the first Italian geologist who described this 
newer group in detail, gave it the name of die 
Subapennines; and he classed all the tertiary strata of 
Italy from Piedmont to Calabria, as parts of the same 
system. Certain mineral characters, he observed, were 
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common to the whole ; for the strata consist generally 
of light brown or blue marl, covered by yellow calca- 
reous sand and gravel. There are also, he added» some 
species of fossil shells which are found in these de« 
posits throughout the whole of Italy. 

In a catalogue, published by Lamarck, of five hun- 
dred species of fossil-shells of the Paris basin, a small 
number only were enumerated as identical with those 
of Italy, and only twenty as agreeing with living spe- 
cies. This result, said Brocchi, is wonderful, and very 
different from that derived from a comparison of the 
fossil-shells of Italy, fnore thanhalfofwMok agree with 
species now living in the Mediterranean, or in other 
seas chiefly of hotter climates.* 

He also stated, that it appeared from the observ- 
ations of Parkinson, that the clay of London, like that 
of the Subapennine hills, was covered by sand (alluding 
to the crag), and that in that upper formaticm of sand 
in England the species of shells corresponded much 
more closely with those now living in the ocean than 
did the species of the subjac^it clay. Hence he in- 
ferred that an interval of time had separated the origin 
of the two groups. But in Italy, he goes on to say^ 
the shells found in the marl and superincumbent sand 
belong entirely to the same group, and must have been 
deposited under the same circumstances, f 

Notwithstanding the correctness of these views, 
Brocchi conceived that the Italian tertiary strata, as a 
whole, might agree with those of the basins of Paris 
and London; and he endeavoured to explain the dis- 
cordance of their fossil contents by remarking, that the 

* Conch* Foss. Subap., torn. i. p. 148. 
t Ibid., p. 147. 
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testacea o£ the Mediterranean differ now from those 
living in the ocean.* ' In attempting thua to assimilate 
the age of these distinct groups, he was evidently in- 
fluenced by his adherence to the anciently received 
theory of the gradual fall of the level of the ocean, to 
which, and not to the successive rise of the land, he 
attributed the emergence of the tertiary strata; all of 
which he consequently imagined to have remained 
under water down to a comparativdy recent period. 

Brocchi was perfectly justified in affirming that there 
were some species of shells common to all the strata 
called by him Subapennine ; but I have shown that this 
fact is not inconsistent with the conclusion, that the 
several deposits may have originated at different pe- 
riods, for there are species of shells common to all the 
tertiary eras. He seems to have been aware, however, 
of the insufficiency of his data; for in giving a list of 
species universally distributed throughout Italy, he 
candidly admits his inability to determine whether the 
shells of Piedmont were all identical with those of 
Tuscany, and whether those of the northern and south- 
em extremities of Italy corresponded, f 
. We have already satisfactory evidence that the 
Subapennine beds of Brocchi belonged, at least, to 
three periods. To the Miocene we can refer a portion 
of the strata of Piedmont, those of the hill of the 
Superga, for example; to the Older Pliocene belong the 
greater part of the strata of northern Italy and of 
Tuscany, and perhaps those of Rome ; to the Newer 
Pliocene^ the tfifaceous formations of Naples, the cal- 
careous strata of Otranto, and probably the greater 
part of the tertiary beds of Calabria. 

• Conch. Foss. Subap., torn. i. p. 166. t Ibid., p. 145. 



That there is a considerable correspondence in the 
anrangement and mineral composition of these different 
Italian groups^ itr undeniali^e ; but not ll^at close re- 
semblance which shouPd Ibad 1)9 to assume an exatt 
identity of age» eren h«d the fossit remains been less 
cKssimHar. 

Yery erroneous notions have been entertained re- 
specting the contrast between the lUlhologicd charac- 
ters of the Italian strata and certain groups of higher 
antiquity. Dr, Macoulloch has treated of the Italian 
tertiary beds under the general title of "elevated 
submarine alluvia;" and the ovevlying yellow sand 
and gravelf may, according to him, be wholljf, or in 
part, a terrestrial alluvium.* Had he visited Italy, I 
am persuaded that he woidd never hate eensidered the 
tertiary strata of London and Paris as belonging to 
formations of a different order from the Subapennine 
groups^ or as being more regulariy stratified. He 
seems to have been misled by Brocehi's description, 
who contra^s the more crystalline and solid texture of 
the okUer secondary rocks of the Apennines with tiie 
loose and incoherent nalture of the Subapennine beds, 
which resemble, be says, the mud and sand now de- 
posited by the sea. 

I have endeavoured, in a former chapter, to restrict 
within' definitie limits' fihe meaning o€ the term e^lu- 
vium f / but if the Subapennine beds are to be de- 
signated << marine alluvia," the same name might, 
with equal propriety, be applied not only to tlie argil- 
laceoos and sandy groups of the London and fSennp- 
sbilre basins, but to a very great portion of our se- 

* Syst of Geol., yoL i. chap. xv. 
t Vol. III. Pi 218. i 
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condarj scries^ where Ihe marla^ clajs^. aitd sandt are 
as knpcrfectlj coaeolidated as are tlie tertiary strata 
oSUaky in general. 

They who have been iaoUnedto associale the idea 
of the more stenj t^cture of stratified deposits witb^s 
comparatively higher antiquity^ should consider hew 
dasBsmilary ia this respect, are the tertiary groups of 
London and Paris, although admitted to be of eon*' 
temporaneeus date; or they should ribit Sicily, audi 
behold a sofl brown marl^ identical in mineral cha^ 
racter with that of the. Sufoapennine beds, underljrin^ 
a mass of solid and regularly stratified limeaionje^ rival- 
ling the chalk eif England in thickness^ This Sicilian 
marl is older than the superincumbent limestone, hot 
newer than the Snbopennine marl of the north of Italy ; 
for in the latter the extinct shells rather predonnnste 
over the recent, in the Siciiian' strata the recent spe- 
cies predominate almost to the exclusion of die extinot* 

Sv^apeimme nrnrh* — * I shall now consider more 
particularly the charaetsrs of those Subapennine bedsr 
which may be referred tothie GLdse Riiscene period* 

The Bsost important: nttmhee of the Subapennine 
formation is a maid} whioh varies in eoleur from grey- 
ish brewn to blue. It 'm very aluminous, and usuaUy 
contains m«eh calftareous matteir and scsIIbs of nikai. 
It often exhibits no lines of division- throughout a 
considerable Ibidfiness^ but in other places it is* thtnljr 
laminated. Near ParHtt, lor examf^, 1 have counted 
thirty distinct leffiinta^ ia the thickness of an. inch. In 
some of the hills near that city the marl atlainB^ 
aiccording to Signer Guidotti^ a ^Mckness of nemAy 
two thousand feet, and is charged throughout with 
shells, many of which are such as Hahabit » deep sea. 
They often occur in layers in such a manner as to 
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indicate their slow and gradual accumulation. They 
are not flattened, but are filled with marl. Beds of 
lignite are sometimes interstratified, as at Medesano, 
four leagues from Parma ; subordinate beds of gypsum 
also occur in many places, as at Vigolano and Bar- 
gone, in the territory of Parma, where they are inter- 
stratified with shelly marl and sand. At Lezignano, 
in the Monte Cerio, the sulphate of lime is found in 
lenticular crystals, in which unaltered shells are some- 
times included. Signer Guidotti, who showed me 
specimens of this gypsum, remarked, that the sulphu- 
ric acid must have been fully saturated with lime 
when the shells were enveloped, so that it could not 
act upon the shell. According to Brocchi, the marl 
sometimes passes from a soft and pulverulent substance 
into a compact limestone, but it is rarely found in 
this solid form.* It is also occasionally* interstrdtified 
with sandstone. 

The marl constitutes very frequently the surface of 
the country, having no covering of sand. It is some- 
times seen reposing immecfiately on the Apennine 
limestone; more rarely gravel intervenes, as in the 
hills of San Quirico.f Volcanic rocks are here and 
there superimposed, as at Radicofani, in Tuscany, 
where a hill composed of marl, with some few shells 
interspersed, is capped by basalt. Several of the 
volcanic tuffs in the same place are so interstratified 
with the marls as to show that the eruptions took 
place in the sea during the Older Pliocene period. At 
Acquapendente, Viterbo, and other places, hills of the 
same formation are capped with trachy tic lava, and 

* Conch. F088. Subap., torn. i. p. 82. f Ibid., p. 78. 
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with tuffs which appear evidently to have been sub- 
aqoeous. 

YMno setnd* — The other member of the Suba- 
penniae groups the yellow sand and conglomerate, 
constitutes, in most of the places where I have seen 
it, a border formation near the junction of the tertiary 
and secondary rocks. In sokne cases, as near the 
town of Sienna^ we see sand and calcareous gravel 
resting immediately on the Apennine limestone, with- 
out the intervention of any blue marl. Alternations 
are there seen of beds containing fluviatile shells, with 
others filled exclusively with marine species; and I 
observed oysters attached to many of the pebbles of 
limestone. This appears to have been a point where 
a river, flowing from the Apennines, entered the sea 
in which the tertiary strata were formed. « • 

Between Florence . and Poggibonsi, in Tuscany, 
there is a great range of conglomerate of the Sub- 
apennine beds, which is seen for eleven miles continu- 
ously from Casciano to the south of Barberino. The 
pebbles are chiefly of whitish limestone, with some 
sandstone. On receding fl:om the older Apennine rocks, 
the conglomerate passes into yellow sand and sand- 
stone, with shells, the whole overlying blue marl. 
In. such cases we may suppose the deltas of rivers and 
torrents to have gained upon the bed of a sea where 
blue marl had previously been deposited. 

. The upper arenaceous group above described some- 
times passes into a calcareous sandstone, as at San 
Vignone. It contains lapidified shells more frequently 
than the marl, owing probably to the more free per- 
colation of mineral waters, which often dissolve and 
carry away the original component elements of fossil 
bodies and substitute others in their place. In some 
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eases the shells imbedded in this group are siiioified, as 
at San Vitale, near Parma, from whence I saw two 
individuals of recent species, one fresh -^water and the 
other marine (Limnea palustris, and CytineTea coacen- 
trica, Lamk.), both perfectly converted into flint. 

On the other iiand, the sdiells of Monte Msrio, 
near Rome, which -ar^ probably refetrible to l^e same 
formation, are changed into calcareous spar, the form 
-being preserved notwithstanding the crystaUization of 
l^e carbonate of lime. 

Mode of formation ef the Svbapenmme beds, *•*- The 
tertiary strata above described have resulted from the 
waste of the secondary rodcs windi now form the 
Apennines, and which had become dry land l>efore the 
Older Pliocene beds were deposited. In the territory 
of Placentia we hanre an opportunity of observkt^ the 
kind of sediment which the livers are now bringing 
flown from the Apennmes. The tertiary marl of that 
tUstrict being too calcareous to be used ^ bricks or 
pottery, a substitute is obtained by conveying into 
tanks the turbid waters of the rivers Braganza^ Parma, 
Tare, and £nza. In the course of a year a deposit oi 
brown clay, m-uch resembling maxB of tlie Subapen- 
nine marl, is procured, several feet in thickness, di- 
vided into thin laminae of different shades ^f colour. 

In regard to the sand and gravel, we see yellow 
sand thrown down by the Tiber neu: Rome, and by 
the Arno, at Florence. The oorthem p«rt of the 
Apennines consists of a grey micaceous sandstone 
with an argillaceous base, aStemating with shale, from 
the degradation of which brown clay and sand w«o«dd 
result. If a river flow through such strata, and some 
one of its tnbutaries drains the ordinary Iknestone of 
iJie Apennines, the clay might become marly by the 
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uitermixtuire of calcareoiKs matlter. The sand is fee*- 
^n^tly yellow from being staiojed by oxide of iron; 
but ithis coloar is by no jueasks cojDStant. 

The siiDJlarity in composition of the tertiary strata 
in the basins of the Pq, the Arno, and the Tiber^ is 
merely suoh las might be expected to arise from their 
having been all derived from the disintegration of the 
same oentiniaous chain of secondary rocks. But it 
does not follow that the latter rocks were all upheaved 
and exjposed to degradation at the same time^ The 
correspondence of the tier tiary groups consists in their 
being all alike composed of marl, clay, and sand; hut 
we might say as much of the beds of the London and 
Hampshire basins, although the English and Italian 
groups, thus compared, belong nearly to the two oppo- 
si^ extremes of the ^tertiary series. 

The similarity in miniBral character of the lacustrine 
deposit of the Upper Val d'Arno, and the marine 
Subapennine hills of northern Italy, ought to serve as 
a caution to the geologist, not to infer too hastily a 
contemporaneous origin from identity of mineral com* 
position. The deposit of the Upper Val d'Arno oc- 
curs nearly at the bottom of a deop narrow valley^ 
which is swrounded by precipitous rocks of secondary 
sandstone and shale (the macigno of the Italians, aad 
greywack6 of the Germans). Hills of yellow sand, of 
considerable thickness, ^appear around the margin of 
the small .basia; whil)^ towiards Uae central parta» 
where there has been considerable denudation, and 
where the Amo flows, :blue clay Is seen underlying 
the yellow sand. The shells ^re of fresh-water origin, 
but I shall speak more particularly of them when dis- 
cussing the probable age of this formation in the six- 
teenth ohi^ter. I diestre at present to call attention 



72 OLDER PLIOCENE PERIOD. tBook IV. 

to the fact, that we have here, in an isolated basin, 
such a formation as would result from the waste of the 
contiguous secondary rocks of the Apennines, frag- 
ments of which rocks are found in the sand and con- 
glomerate. We might expect that, if the fresh-water 
beds were removed, and the barrier of the lake-basin 
closed up again, similar sediment would be again depo- 
sited ; since the aqueous agents would operate in the same 
manner, at whatever period they might be in activity. 
Now, the only difference in mineral composition, be- 
tween the lacustrine deposit and the ordinary marine 
Subapennine strata, consists in the absence of calca- 
reous matter from the clay ; and this may be ascribed 
to the circumstance that the torrents flowing into the 
lake had passed over no limestone rocks. 

The lithological character of the Subapennine beds 
varies in different parts of the Peninsula both in colour 
and degree of solidity. The presence, also, or ab- 
sence of lignite and gypsum, and the association or 
non-association of volcanic rocks, are causes of great 
local discrepancy. The superposition of the sand and 
conglomerate to the marl, on the other hand, is a 
general point of agreement, although there are ex- 
ceptions to the rule, as at San Quirico before men- 
tioned. The cause of this arrangement may be, as I 
before hinted, that the arenaceous groups were first 
formed on the coast where rivers entered ; and when 
these pushed their deltas farther out, they threw 
down the sand upon part of the bed of the sea already 
occupied by finer and more transportable mud. 

Captain Bayfield, in his Survey of the Coast of St. 
Lawrence, mentions horizontal strata of sand and 
gravel, and a subjacent deposit of day as reposing in 
depressions in the older rocks near the shore. The 
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clay invariably occupies the lowest positioD, and the 
gravel the highest ; and this arrangement, he says, 
may be explained by considering that the rivers where 
they now bring down alluvial matter on several parts 
of this coast, carry gravel over a bottom previously 
occupied by clay, the finer sediment having first been 
drifted farmer from the shore. * 

When Captain Bayfield proposed this theory, he had 
not seen my work just then published f ; it was satis- 
factory therefore to observe the exact coincidence of 
his views with my own, his having been suggested by 
the modem changes going on in the St. Lawrence, mine 
by reasoning on appearances in the interior of Italy. 

Organic remains. — Figures of some of the most 
abundant shells of the Subapennine formations are 
given in the accompanying plate. (PLX.) The greater 
part of. them are common both to the Older and Newer 
Pliocene periods of this work. Eight of the species, 
Nos. 1, S, 5, 6, 7, 9, 13, and 14, are now living, but 
are also common in the older Pliocene formations. 
Fusus crispus has not been found either recent^ or in 
the Miocene or Eocene formations, but occurs both 
in the Older and Newer Pliocene formations. Mitra 
plicatula has been observed only in the Older Pliocene 
deposits. The Turbo rugosus was formerly considered 
as exclusively Pliocene ; but M. Bou^ has since found 
it in the Miocene strata at Vienna and Moravia. Buc- 
cinum semistriatum b also a Miocene shell, but has 
been inserted as being peculiarly abundant in the 
Pliocene strata. 

The Subapennine testacea are referrible to species 

* An abstract of this paper will be found in the Proceedings 
of the Geol. Soc., No. 33. p. 4. 
t First edition of Sd Vol. p. 162. 

VOL. IV. B 
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and families of whiqh the habits are extremely diver- 
sified, some living in deep, others in shallow water, 
some in rivers or at their mouths. I have Been a 
specimen of difresh'^vmier univalve (^Limnea patasiris), 
taken from the blue marl near Parma, full of small 
marine shells. It may have been floated down by 
the same causes which carried wood and leaves into 
the ancient sea. 

I have been informed, by experienced collectors of 
the Subapennine fossils, that they invariably procare 
the greatest number in those winters when the rains 
are most abundant ; an annual crop, as it were, being 
washed out of the soil to replace those which the 
action of moisture, frost, and the rays of die sun soon 
reduce to dust upon the surface. 

The shells, in general, are soft when first taken firom 
the marl, but they become hard when dried. The 
superficial enamel is oflen well preserved, and many 
shells retain their pearly lustre, and part of their 
external colour, and even the lament which unites 
the valves. No shells are more usually perfect Uian 
the microscopic, which abound near Sienna, where 
more than a thousand full-grown individuals are some- 
times poured out of the interior of a single univalve 
of moderate dimensions. In some large tracts of 
yellow sand it is impossible to detect a single fossil, 
while in other places they occur in prpfiision. 

Blocks of Apennine limestone are found in cbis 
formation drilled by lithodomous shells. The renoHBiis 
not only of testacea and corals, but of fishes and crabs, 
are met with, as also those of cetacea, and even of 
terrestrial quadrupeds. 

A considerable list of the maramiferous species has 
been given by Brocchi and some other writers \ and, 
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althoi^ gereral aiistakes have been made, and some 
bones of cetacea have been confounded with those of 
land animals, it is still indubitable that some remains of 
land animals were carried down into the sea when the 
Subapennine sand and ma-l were accumulated. TTie 
same causes which drifted skeletons into lakes, such as 
that of the Upper Val d'Arno, may have carried down 
others mto firths or bays of the sea. The femur of an 
elephant has been disinterred with oysters attached to 
It, showing that it remained for some time exposed 
after u was drifted into the sea. 

Strata at the base of ike MariHme Alps. — If we pass 
from the Italian peninsula, and, foUowing the borders 
of the Mediterranean, examine the tertiary strata at 
the foot of the Maritime Alps, we find formations 
agreemg m zoological characters with the Subapennine 
beds, and presenting many points of analogy in their 
mineral composition. The Alps, it is well known, ter- 
mmate abruptly in the sea, between Genoa and Nice 
and the steep declivities of that bold coast are con! 
tinned below the waters ; so that a depth of many 
hundred fiithoms is often found within stone's-throw of 
the beach. Exceptions occur only where streams and 
torrents enter the sea; and at these pomts there is 

In traveUing from France to Genoa, by the new 
coast road, we are conveyed principally along a ledge 
excavated out of a steep slope or pLpice, in the 
same manner as on the roads which traverse L great 
mtenor passes of the Alps, such as the Simplon id 
Mont Cems; the difference being that, in thistse,Se 
traveller ha. always the sea below him, instead of a 

E 2 
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river. But we are* obliged occasionally to descend bj 
a zigzag course into those low plains before alluded to, 
which, when viewed from above, have the appearance 
of bays deserted by the sea. They are surrounded on 
three sides by rocky eminences, and the fourth is open 
to the sea. 

These leading features in the physical geography of 
the country are intimately connected with its geological 
structure. The rocks composing the Alpine declivities 
belong partly to the primary formations, but more 
generally to the secondary, and have undergone im- 
mense disturbance; but when we examine the low 
tracts before mentioned, we find die surface covered 
with great beds of gravel and sand, such as are now 
annually brought down by torrents and streams in the 
winter, and which are spread in such quantity over the 
wide and shifting river- channels as to render the roads 
for a season impassable. The first idea which naturally 
suggests itself, on viewing these plains, is to imagine 
them to be deltas or spaces converted into land by the 
accumulated sand and gravel brought down firom the 
Alps by rivers. But, on closer inspection, we find that 
the apparent lowness of the plains, which at first glance 
might be supposed to be only just raised above the 
level of the sea, is a deception produced by contrast 
The Alps rise suddenly to the height of several thou- 
sand feet with a bold and precipitous outline ; while 
the country below is composed of horizontal strata, 
which have either a flat or gently undulating surfiice. 
These strata consist of gravel, sand, and marl, filled 
with marine shells, and they are considerably elevated, 
attaining sometimes the height of two hundred feet, 
or even more, above the level of the sea ; there must, 
therefore, l^ave been a rise of the coast since they were 
deposited, and they are not mere deltas or spaces re- 



CfL Xn.] TERTIARY STRATA AT OEKOA. 77 

claimed from the sea by rivers. Why, then, are such 
«trata found only at the points where rivers enter ? 

We must imagine that, after the coast had nearly 
acquired its present configuration, the streams which 
flowed down into the Mediterranean produced shoals 
opposite their mouths by the continual drifting in of 
graviel, sand, and mud. The Alps have since been 
raised to a sufficient height to cause these shoals to 
become land; while the corresponding elevation of 
the intervening parts of the coast, where the sea 
was of great depth near the shore, has not been per- 
ceptible. 

The disturbing force appears to have acted very 
trr^ularly, and to have produced the least elevation 
towards the eastern extremity of the Maritime Alps, 
and a greater amount as we proceed westward. Thus 
we find the marine tertiary strata attaining the height 
of about 100 feet at Genoa, 200 and 300 feet farther 
westward at Albenga, and 800 or 900 feet in the 
neighbourhood of Nice. 

€reno€L — At Genoa the tertiary strata consist of 

Monte „. ^ 

d'Origina. ^'«-^- 




PosUiou of tertiary itrata at Genoa. 

A. Andent tea-beach. b. Blue marl with shelli. 

C. Inclined secondary strata of sandstone, shale, &c. 
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blue marls like those of the northeni Subi^ennines 
and contain the same shells* On the immediate site 
of the town they rise to the height of only twenty feet 
above the sea; but they reach about eighty £bet in 
some parts of the suburbs. At the base of a moun- 
tain not far from the suburbs there is an ancient beach, 
strewed with rounded blocks of Alpine rocks, some of 
which are drilled by the Modiola Uthpphagoy Lamk., 
the whole cemented into a conglomerate, which 
marks the ancient sea^beach at the height of 100 feet 
above the present sea** 

Savona, — At Savona, proceeding westwards, we 
find deposits of blue marl like those of Genoa, and 
occupying a corresponding geological position at the 
base of the mountains near the sea. The shells, col- 
lected from these marls by Mr. Murchison and myself 
in 1828, were examined by Signer Bonelli, of Turin, 
and found to agree with Subapennine fossils. 

AJbenga. ^- At Albenga these formations occupy a 
more extensive tract, forming the plains around that 
town and the low hills of the neighbourhood, which 
reach in some spots an elevation of SCO feet. The 
encircling mountains recalled to my mind those which 
bound the plain and bay of Palermo, and other bays 
of the Mediterranean, which are surrounded by bold 
rocky coasts. 

The general resemblance of the Albenga strata to 
the Subapennine beds is very striking; the lowest 
division consisting of blue marl which is covered by 
sand and yellow clay, and the highest by a mass of 
stratified shingle, sometimes consolidated into a con- 

* I have here to acknowledge my obligations to Professor 
Viviani, and Dr. Sasso, who called my attention to these phe- 
nomena when I visited Genoa in Jan. 1829. 
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glomerate* Dr« Saaso has collected about 200 species 
of shells from these beds ; and it appears, by hia cata* 
lQgue» that they agree» for the most part^ with the 
northern Subapennine fossils, more than half of them 
bdooging to recent species^* 

Nice. -^ At Nice the tertiary strata are upraised to 
a much greater height, but they may still be said to 
lie at the base of the Alps which tower above them. 
Here, also, they consist principally of blue marl and 
yellow sand, which appear to have been deposited in 
submarine valleys previously existing in the inclined 
secondary strata. In one district^ a few miles to the 
west of Nice, the tertiary beds are almost exclusively 
composed of conglomerate, irom the point of their 
junction with the secondary strata to the sea. 

The river Magnan flows in a deep valley, which ter- 
minates at its upper extremity in a narrow ravine. 
Nearly vertical precipices are laid open on each side, 
varying from 200 to 600 feet in height, and composed 
of inclined beds of shingle, sometimes separated by 
layers of sand, and more rarely by blue micaceous 
marl. The pebbles in these stratified shingles agree 
in composition with those now brought down from the 
Alps by the Var and other rivers on this coast 

The dip of these strata is remarkably uniform, being 
always southwards, or towards the Mediterranean, at 
an angle of about 25°. I examined this section in 
company with Mr. Murchison in the summer of 1828, 
when the bed of the river was dried up. The geolo- 
gist has then a good opportunity of examining a sec- 
tion of the strata, as the channel crosses for many 
miles the line of bearing of the beds, which may be 

* Giornale Ligustico, Genoa, 1837. 

£ 4< 
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traced to the base of Monte Calvo, a distance of about 
nine miles in a straight line from the Mediterranean* 
It is usually impossible to determine the exact age of 
such accumulations of sand and gravel, in consequence 
of the total absence of organic remains. Their non-* 
existence may depend chiefly on the disturbed state of 
the waters, where great beds of shingle are formed, 
which are known to prevent testacea and fishes from 
living in Alpine torrents; partly on the total destruction 
of shells by the same friction which rounded the peb- 
bles; and partly on the permeability of the matrix to 
water, which may carry away the elements of the de- 
composing fossil body, without substituting any other 
substance in their place which might retain a cast of 
their form. 

But it fortunately happens, in this instance, that in 
jome few seams of loamy marl, intervening between 
the pebble-beds, and near the middle of the section, 
shells have been preserved in a very perfect state; 
and these may furnish a zoological date to the whole 
mass. The principal of these interstratified masses of 
loam occurs near the church of St. Madeleine (at e, 
diagram No. 93.), where the active researches of M. 
Risso have brought to light a great number of shells 
which agree perfectly with the species found in much 
greater abundance at a spot called JjSl Trinita, and 
some other places nearer Nice. From these fossils it 
clearly appears that the formation belongs to the Older 
Pliocene era. 

Such alternations of gravel with the usual thin 
layers of fine sediment may easily be explained, if we 
reflect that the rivers now flowing from the Maritime 
Alps are nearly dried up in summer, and have only 
strength to drift along fine mud to the sea ; whereas 
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in winter, or on the melting of die snow, they roll 
albng large quantities of pebbles. The thicker masses 
of loam, such as that of St. Madeleine, may have been 
produced during a longer interval, when the river 
shifted for a time the direction of its principal channel 
of discharge ; so that nothing but fine inud was for a 
series of years conveyed to that point in the bed of 
the sea opposite the delta. 



MoDte Cal^a 



Fig, 89. 




Section from MoiUe Calvo to the tea by the valley qf Magnan^ near Nice. 

A. Dolomite and sandstone. (Green-sand formation ?) 

a. 6y d» Beds of gravel and sand. 

c. fine marl and sand of St. Madeleine. 



Uniform and continuous as the strata appear, on a 
general view, in the ravine of the Magnan, we discover, 
if we attempt to trace any one of them for some dis- 
tance, that they thin out and are wedge-shaped. We 
believe that they were thrown down originally upon a 
steep slanting bank or talus, which advanced gradually 
from the base of Monte Calvo to the sea. The dis- 
tance between these points is, as before mentioned, 
about nine miles ; so that the accumulation of super- 
imposed strata would be a great many miles in thick- 
ness, if they were placed horizontally upon one another. 

s 5 
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The strata nearest to Monte Calvo, which may be ex- 
pressed by a, are certainly older than those at b, and 
the group b was formed before e. The aggregate thick- 
ness, in any one place, cannot be proved to amount to 
1000 feet, although it may, perhaps, be much greater. 
But it may never exceed SOOO or 4000 feet ; whereas^ 
if we did not suppose that the beds were originally 
deposited in an inclined position, we should be forced 
to imagine that a sea, many miles in depth, had been 
filled up by horizontal strata of pebbles thrown down 
one upon anotlier. 

At no great distance on this coast the Var is. an- 
nually seen to sweep down into the sea a large quan- 
tity of gravel, which may be spread out by the waves 
and currents over a considerable space. The sea at 
the mouth of this river is now shallow, but it may 
originally have been 3000 feet deep, as it is now close 
to the shore at Nice. Here, therefore, a formation 
resembling that of the Magnan above described may 
be in progress. 

In confirmation of the above reasoning, I may refer 
to the modem delta of the river Kander in the Lake 
of Thun in Switzerland. The Kander formerly ran 
parallel to that lake, until it was artificially turned 
into it about the year 17 IS, when the government of 
Berne caused two parallel subterranean galleries or 
tunnels to be excavated through the land which separ- 
ated the course of the river from the lake ; a distance 
of nearly a mile. The Kander, on being admitted, 
shot with the violence of a Swiss torrent through the 
tunnels, burst the arches of the galleries, and formed 
a ravine, which is now open to the day, about fifty 
feet in depth. A large quantity of mud and rock was 
swept into the lake, and an alluvial tract was formed 
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of a semicircular sbape^ which now extends for a mpe 
along the original shore» and projects about a quarter 
of that distance into the lake. Its annual advance is 
said to amount to several yards*, and the delta ter- 
minates in a talusy the slope of which is inclined at 
an angle varying between 3QP and 40^. For this fact 
I am indebted to the observations of Lord Cole and 
Mr. Egerton, who at my request measured the dip in 
1833.t It follows, therefore, that the strata have suc- 
cessively accumulated on a plane thus highly inclined; 
so that, if the Lake of Thun, which is 600 feet deep j:, 
beyond the recently formed shoal, were drained, a ver- 
tical section might be laid open, 600 feet in height, in 
which strata would be seen having a greater dip than 
those of the Magnan, yet which had remained undis- 
turbed from the period of their original deposition. 

Terimry Strata at the eastern extremity of the 
Pyrenees, — I shall conclude this chapter with one 
more example, derived from a region not far distant. 
On the borders of the Mediterranean, at the eastern 
extremity of the Pyrenees, in the south of France, a 
considerable thickness of tertiary strata is seen in the 
valleys of the rivers Tech, Tet, and Gly. They bear 
much resemblance to those already described, consist- 
ing partly of a large proportion of conglomerate, and 
partly of clay and sand, with subordinate beds of 
lignite. They abut against the primary formation of 
the Pyrenees, which here consists of mica-schist. 
Between Ceret and Boulon these tertiary strata are 
seen inclined at an angle of between 20° and 30^. 

* See a paper by the Rev. J. Yates, on Alluvium, Ed. New 
Phil. Joum. 1834. 

t Proceedings of Geol. Soc. 1834. 
\ Mr. Yates, ibid. 
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The shells which I procured from several localities 
were recognized by M, Deshajres as agreeing with 
Subapennine fossils. 

Spain-^Marea. — It appears, from the recent ob- 
servations of Colonel Silvertop, that marine strata of 
the Older Pliocene period occur in patches at Malaga, 
and in Granada, in Spain. They have also been dis* 
covered by MM. BoUaye and Virlet in the Morea. 
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CHAPTER Xin. 

OLDER PLIOCENE FORMATIONS — CRAO. 

Crag of Norfolk and Suffolk — Appears by its fossil contents to 
belong to the Older Pliocene period. — Divisible into coralline 
and red crag. — Superincumbent lacustrine deposits — Forms 
of stratification (p. 91.) — Oblique layers — Cause of this ar- 
rangement — Dislocations in the crag produced by subterra- 
nean moYements — Protruded masses of chalk (p. 98.) — 
Associated alluvium. 

The Older Pliocene strata, described in the last chap- 
ter, are all situated in countries bordering the Medi- 
terranean; but there is a group in our own island, 
probably belonging to the same era, which I shall now 
consider. I have already alluded to this deposit under 
the provincial name of crag*, and pointed out its 
superposition to the London clay, a tertiary formation 
of much higher antiquity.f The crag is chiefly de- 
veloped in the eastern parts of Norfolk and Suffolk, 
from whence it extends into Essex. 

Its relative age, — A collection of the shells of the 
« crag" beds, which I formed in 1829, together with 
a much larger number sent me by my friend Mr. 
Mantell, of Lewes, were carefully examined by M. 
Deshayes, and compared with the tertiary species in 
his cabinet. This comparison gave the following re- 

• Vol. III. p. 358. t See Kg. 64. Vol. III. p. SdO. 
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suit: — out of 111 species, 66 were extinct or un- 
known, and 45 recent ; the last, with one exception 
( Valuta Lambertif Sow.), being now inhabitants of the 
German Ocean. Such being the proportion of recent 
and extinct species, I referred the crag, in accordance 
with the rules above laid down, to the Older Pliocene 
period.* Since that time a much larger number of 
organic remains has been obtained from this formation 
by several naturalists, especially by Mr. Wood, of 
Hasketon, in Suffolk ; but the species have not yet 
been compared with those of other tertiary strata, so 
as to enable me to announce the general bearing of the 
results. 

It appears, however, from a recent communication 
made by Mr. Charlesworth, of Suffolk, to the Geolo- 
gical Society, that the inferior and fossiliferous portion 
of the crag is divisible into two distinct masses, one of 
which may be termed the lower or <^ coralline crag/' and 
the other the ^' red crag." The lower division is com- 
posed of calcareous sand, chiefly derived from decom- 
posed corals, in which are imbedded shells, corals, and 
sponges, in a good state of preservation, and whicl^ 
must evidently have lived on the spot. 

This coralline formation is almost without stratifica- 
tion, and in some places forms a soft stone used in build- 
ing ; it has not been seen to attain a greater thickness 
than about 12 feet, but it was not pierced through at 
that depth in all localities. The coralline crag rests 
immediately on the London clay^ and may be studied 
at several places in Suffolk, as at Tattingstone, Rams- 
holt, Sudburn Park, Orford, and Aldborough. 

The red crag is distinguished from the coralline, 
upon which it lies in some places unconformably, by 

• See Vol. III. p. 391. 
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the deep red ferruginous or ochreous colour of its 
sands and fossils. It consists in great part of numer- 
ous layers of siliceous sand containing shells, which 
are usually broken and worn. Among these are many 
of the genera Buccinum and Murex, which have never 
been met with in the coralline crag. 

Mr. Wood states that he has in his collection, ex- 
clusive of Polypi, Radiaria, and Crustacea, no less than 
450 species of invertebrated animals from the crag, 
among which there are of annulata 13, cirrhipeda II, 
concliifera 189, mollusca 257. Among the mollusca 
are 50 species of minute cephalopoda, of the order 
Forammifera of D*Orbigny, which seem peculiar to the 
coralline crag. In the red crag have been found 235 
species of the above classes of fossils ; in the coralline 
crag 353; about 150 species being common to the two 
divisions. 

It must remain for future investigations to determine 
how far this great addition of new fossils may modify 
the proportional number of recent to extinct shells 
previously deduced from more limited data.* The 
greater part of the shells before examined were 
derived from the red crag, which is evidently a newer 
deposit than the coralline, although I do not anticipate 
that these formations will turn out to be referrible to 
distinct periods, as they contain so many species in 
common. The generic difference in the shells and 
other organic forms may depend on a difference of 
conditions, such as might exist in different parts of the 
sea at one and the same period. Thus we may sup* 
pose one region, where the water is deep and tranquil, 
to be favourable to the growth of corals, sponges, 
echini, and microscopic cephalopods, such as charac- 

* See the note at the end of this chapter. 
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terize the lower crag ; whilst in another and somewhat 
shallower region, where currents prevailed, and to which 
sand and shingle were often drifted, no zoophytes might 
exists although certain kinds of testacea abounded. 
According to this hypothesis, it is conceivable that 
a certain space where the coralline crag was first 
formed became afterwards converted into a shoal, or 
exposed to the action of waves and currents, and 
was then the receptacle of deposits like the fossili* 
ferous red crag. 

^ The shelly beds of Norfolk appear to belong exclu- 
sively to the red crag ; but on the northern limits of 
that county they are said to be occasionally covered 
by a still newer stratum, containing exclusively species 
now living in the adjoining sea. This is doubtless the 
marine formation described by Mr. Phillips as occur- 
ring throughout Holderness, in Yorkshire.* Accord- 
ing to this view, the succession of tertiary formations, 
in following our eastern coast from the estuary of 
the Thames to that of the Humber, will be, first, in 
Essex, the Eocene or London clay; secondly, in 
Su£Polk, the coralline crag, probably belonging to the 
Older Pliocene period ; next, the red crag of Suffolk 
and Norfolk, also of the Older Pliocene era ; and lastly, 
on the extreme northern boundary of Norfolk and in 
Holderness, a marine Newer Pliocene deposit. 

Among the teeth of fish from the crag, Mr. Agassis 
informs me that he has recognized many belonging to 
the genus Platax, a form now foreign to our northern 
seas, and occurring in the Indian Ocean. 

The strata which occupy the larger part of the 
cliffs of Norfolk and Suffolk are for the most part 

• See PhiUips*s GeoL of Yorksh. 
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superimposed upon the above-^mentioned fossiliferous 
strata, and are very heterogeneous in their mineral cha- 
racter, consisting of sand, gravel, and blue or brown 
marl; the shells imbedded in the sand and marl being 
broken, and sometimes finely comminuted. In many 
places are seen alternations of sand and shingle, des- 
titute of organic remains, and more than two hundred 
feet in thickness, as in the Suffolk cliffs, between 
Dunwich and Yarmouth. In others, we meet with 
an enormous mass, more than three hundred feet in 
thickness, of sand, loam, and day, containing bones 
of terrestrial quadrupeds, and drifl wood ; sometimes 
stratified regularly, at others consisting of a confused 
heap of rubbish, in which fragments of the chalk and 
its flints are imbedded in a chalky marl. 

In this aggregate are also found many fragments of 
older rocks, the septaria of the London clay, together 
with ammonites^ vertebrse of ichthyosauri, and other 
fossils from parts of the oolitic series. It has been 
questioned whether all the above-mentioned beds can 
be considered as belonging to the same era, and the 
subject certainly admits of doubt; but afler examining, 
in 1829, the whole line of coast of Essex, Suffolk, and 
Norfolk, I found it impossible to draw any line of 
separation between the different groups. Each seemed 
in its turn to pass into another ; and those masses 
which approach in character to alluvium, and contain 
the remains of terrestrial quadrupeds, are occasionally 
intermixed with the strata of the crag. 

There are, however, lacustrine deposits overlying 
the crag, which no doubt belong to a distinct zoologi- 
cal period. These are found in small cavities, which 
must have existed on the surface of the crag afler its 



90 



OLDSa PUOCSNE PERIOD. 



IV. 



.^levationy and which formed Binall lakea or ponds 
jirherein recent freah-water testacea were induded in 
loamy strata. (See Fig. 94t. e.) 

MelaHve position. •— The crag i» seen to rest on the 
chalk and on the London clay, but more commonly oo 
the chalk. The strata are in great part horizontal, or 
slightly undulating ; but at some points they are much 
disturbed, especially where several masses of chalk 
appear to have been protruded from below. 

The annexed section may give a general idea of 

Fig. 94. 




a. Chalk. b. Crag. c. Lacustrine deposit. 

D. Trimmingham beacon. 
£. Interior and higher part of Norfolk. * 

the manner in which the crag may be supposed to 
rest on the chalk as we pass from the Norfolk cliffs, 
at Trimmingham, into the interior, where the country 
rises gradually. 

The outline of the surface of the subjacent chalk, 
in thiis section, is imaginary, but is such as might ex- 
plain the relations of those protruded masses, three 
of which appear in the cliffs near Trimmingham, and 
which some geologists have too hastily assumed to 
be unconnected with the great 'mass of chalk below 
I shall treat of these presently, when describing the 



* This section is compiled principally from one by Mr. Mur- 
ehison; the others in this chapter are from sketches which I 
made in 1829. 
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disturfoaacn which the crag appears to hne ■offered 
since its original depasitioD. 

In the interior, at e, there is a thic^ corering of 
sand and gravel upon the dialk, having- the charac- 
ters of an ftllavinin, partly, perhaps, inarine, and partly 
terrestrial, and which seems to pass gradually in this 
district into the regular marine strata of the crag. 

FoTTiu of giTaliJicatum. — In almost every formation 
the individual strata are rarely persist«it tat a great 
distance, the superior and inferior planes being sel- 
dom precisely parallel to each other; and if the mate- 
rials are very coarse, the beds often thin out if we 
trace them for a few hundred yards. There are also 
many cases where all the layers are oblique to the 
general direction of the strata, and the crag affords 
most intereEting illustrations of this phenomenon. 

In the sea-cliff near Walton, in Suffolk, opposite 
the Martello Tower, called r, the section represented 
in the annexed diagram is seen. The vertical height 
is about 20 feet, and the beds consist alternately of 
sets of inclined and horizontal layers of sand and com- 
minuted shells. The sand is siliceous, and of a fer- 
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ruginous colour; but the layers are sometimes made 
up of small plates of bivalve shells, arranged with their 
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flat sides parallel to the plane of each layer, like mica 
in micaceous sandstones. 

The number of laminae in the thickness of an inch, 
both in the siliceous and shelly sand, varies from 
«even to ten, so that it is impossible to express them 
all in the diagram. The height of the uppermost 
stratum is, in this instance, remarkable, as it extends 
to twelve feet. The inclination of the laminae is about 
30^ ; but in the cliffs of Bawdesey, to the eastward, 
they are sometimes inclined at an angle of 4«5°, and 
even more. 

Fig. 96. 




Section ai the Ughtkoute near Happi$borough. Height sixteen feet. 

a. Pebbles of chalk flint, and of rolled pieces of white chalk. 
6. Loam overlying a. c, c. Blue and brown clay. 

This diagonal arrangement of the layers, sometimes 
called <<yaZse stratification," is not confined to deposits 
of fine sand and comminuted shells ; for we find beds 
of shingle disposed in the same manner, as is seen in 
the annexed section (Fig. 96.). 

The direction of the dip of the inclined layers, 
throughout the Suffolk coast, is so uniformly to the 
south, that I only saw two or three instances of a 
contrary nature, where the inclination was northerly. 
One of the best examples of this variation is exhibited 
in a cliff between Mismer and Dunwich (Fig. 97.) 
In this case, there are about six layers in the thick' 
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ness of an inch, and the part of the cliff represented is 
about six feet high. 



Fig. 97. 




SedUm <tf part qf Uttie Cat diffl compoted qf quarixnm tand, skowiHg ikt 
indinaUon 9f ike layer* in oppogUe dhrecHom. 

Another example may be seen near Walton, where 
the layers, which are of extreme tenuity, consist of 
ferruginous sand, brown loam, and comminuted shells. 
It is not uncommon to find in this manner sets of per- 
fectly horizontal strata resting upon and covered by 
groups of wavy and transverse layers. 



Fig. 98. 




LaminmtUm nf iMiff tand and loamy near the Signal-kause, WaWm. 

Vertical height foarjeet. 

The appearances exhibited in the diagrams are not 
peculiar to the crag: they may be found in almost 
every gravel-pit; and I have seen sand and pebble- 
beds of all agesy including the old red sandstone, grey- 
wack^ and day-slate, exhibit the same arrangement. 

If we now inquire into the causes of such a disposi- 
tion of the materials of each bed or group of layers, it 
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may, in the 6rst place^ be remarked, that however 

numerous may be the succes- 
Fig.99, give layers a, b, c, the layer a 

must have been deposited be- 
fore bf b before c, and so of the 
rest. 

We must suppose that each thin seam was thrown 
down on a slope, and that it conformed itself to the 
side of the steep bank, just as we see the materials of 
a talus arrange themselves at the foot of a cliff when 
they have been cast down successively from above. If 
the transverse layers are cut off by a nearly horizontal 
line, as in many of the above sections, it may arise 
from the denuding action of a wave which has carried 
away the upper portion of a submarine bank, and 
truncated the layers of which it was composed. But I 
do not conceive this hypothesis to be necessary ; for 
if a bank have a steep side, it may grow by the suc- 
cessive apposition of thin strata thrown down upon it« 
slanting side, and the removal of matter from the top 
may proceed simultaneously with its lateral extension. 
The same current may borrow from the top what it 
gives to the sides ; a mode of formation which I had 
lately an opportunity of observing on the rippled sur- 
face of the hills of blown sand near Calais. The undu- 
lating ridges and intervening furrows on the dunes of 
blown sand resembled exactly in form those caused by 
the waves on a sea-beach, and were always at right 
angles to the direction of the wind which had produced 
them. Each ridge had one side slightly inclined, and 
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the Other steep ; the lee side being always steep, as 
by Cydy e; the windward side a gentle slope, as a, 6, «, d. 
When a gu&t of wind blew with sufficient force to drive 
along a cloud of sand, all the ridges were seen to be 
in motion at once, each encroaching on the furrow 
before it, and, in the course of a few minutes, illing 
the place which the furrows had occupied. Many 
grains of sand were drifted along the slopes a b and 
c dy whidly wh«i they fell over the scarps b c and d <, 
were under shelter from the wind; so that they re- 
mained stationary, resting, according to their shape 
and momentum, on different parts of the descent. In 
this manner each ridge was distinctly seen to move 
slowly on as often as the force of the wind augmented. 
We shall not strain analogy too far, by supposing that, 
in such cases, the same laws may govern subaqueous 
and subaerial phenomena ; and if so, we may imagine 
a submarine bank to be nothing more than one of the 
ridges of ripple on a larger scale, which may increase 
in the manner before suggested, by successive additions 
to the steep scarps. 

The set of tides and currents, in opposite directions, 
may account for sudden variations in the direction of 
the dip of the layers, as represented in fig. 97*; while 
the general prevalence of a southerly inclination in 
the crag of Suffolk may indicate that the matter was 
broi^ht by a current from the north. 

I may refer to a drawing given in the fir^ volume^, 
to show the analogy of the arrangement of the sub- 
marine strata, just considered, to that exhibited by 
deposits formed in the ckannelB of rivers where a con- 
stderaUe transportation of sediment is in progress. 

• P. 374. fig. ip. 
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Derangement in the crag strata, — In the above 
examples I have explained the want of parallelism or 
horizontality in the subordinate layers of different 
strata, by reference to the mode of their original de- 
position ; but there are signs of disturbance which can 
only be accounted for by subsequent movements. The 
same blue and brown clay, or loam, which is often 
perfectly horizontal, and as regularly bedded as any of 
our older formations, is, in other places, curved and 
even folded back upon itself, in the manner represented 
in the annexed diagrams. 



Fig. lOI. 



Fig. 102. 





Sent strata of loam m the diS^ 
between Cromer and Bunton. 



Folding qf the ttrata between Ea$i on i 
West Runton. 



In the last of these cuts a central nucleus of sand 
is surrounded by argillaceous and sandy layers- This 
phenomenon is very frequent ; and there are instances 
where the materials thus enveloped consist of broken 
flints mingled with pieces of chalk, forming a white 
mass, encircled by dark laminated clay. The diameter 
of these included masses, as seen in sections laid opeo 
in the sea cliffs, varies from five to fifteen feet. 

East of Sherringham, a heap of partially-rounded 
flints, about five feet in diameter, is nearly enveloped 
by finely laminated strata of sand and loam, and some 
of the loam is entangled in the midst of the flints. 
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11 thin lajcn. 

In this Bnd Bimilar instances, we may imajpne tbe 
yielding strata, a, to have subsided into a cavity, and 
the dints belonging to a superincumbent bed to have 
pressed down with their weight, so as to cause the 
strata to fold round them. 

That some masses of stratified sand and loain have 
actually sunk down into cavities, or have l^llen like 
landslips into ravines, seems indicated by other appear* 
ancea. Thus, near Sherringham, the argillaceous beds, 
a, represented in the annexed diagram (Fig.lM.), are 
cut off abruptly, and succeeded by the vertical and 
contorted series b, c. The face of the cliff here repre- 

Flg. 104. 




SaUmeoMtif aurrintMam, KorJM. 



aented is twenty-four feet in height. Some of the lay- 
ers in b, b are composed of pebbles, and these alternate 
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with thin beds of loose sand. The whole set must 
once have been horizontal, and must have moved in a 
mass, or the relative position of the several parts would 
not have been preserved. Similar appearances may, 
perhaps, be produced when chasms open during earth- 
quakes, and portions of yielding strata fall in from 
above and are engulphed. 

Protruded mane* tf aheHBu — But whatever opinion 
we may entertain on this point, we cannot doubt that 
subterranean movements have given rise to som^ of 
the IocqI derangements of this formatioi\, particularly 
where masses of solid chalk pierce, as it were, through 



Fig. 105. 




SiSe view qf a promoniorp qf chalk aiul cragt TVimmingkam, Noi:fkak, 

«. Gnvel and ferruginous sand, rounded and angular pieces t 

chalk flint, with some quarU pebbles, 3 ftet. 
h» Lawhiated blue clay, 8 feet. 
c* Yellow sand, 1 foot 6 inches. 

d. Park, blue clay, with firagm^nt^ of marine shells, 6 feet. 

e. Yellow loam and flint gravel, 3 feet. 

/. Light blue clay, 1 foot. g* SHn4 and loann 13 feg{ 

K TcUow and white sand, loaai, and gravel, about lOQ f«et. 
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the crag. Ilius, between Mundesley and Trimmingham 
we see the fii>g^ances exhibited in the accompanjing 
view (Pig. 1^^. The chalk, of which the strata are 
highly inclined, or vertical, projects in a promontory, 
because it o£Pers more resistance to the action of the 
waves than the tertiary beds which, on both sides, 
constitute the whole of the cliff. The height of the 
soft crag strata immediately above the chalk is, in this 
place about 130 fc > Those which are in contact (see 
the wood-cut) are inclined at an angle of 4^^, and ap- 
pear more disturbed than in other parts of the difis, 
as if they had been displaced by the movement by 
which the chalk was protruded. 

Very similar appearances are exhibited by the nor- 
thernmost of the three protuberances of chalk, of which 
a front view is given in the annexed diagram. It oo- 

Fig. 106. 



Northern profuberanee <2f cAoMr, Trimminghmn. 

a. Chalk with flints. 

6. Grarel of broken and half-rounded flints. 

c. Laminated blue clay. ef. Sand and yellow loam. 

tuples a space of about one hundred yards ^long the 
shore, and projects about sixty yards in advance of the 
general line of cliff. One of its edges, at c, resU upon 

F 2 
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the blue day beds of the crag, in such a manner as to 
imply that the mass had been undenpftiMKl when the 
crag was deposited, unless we suppostffm some have 
done, that this chalk is a great detached mass enveloped 
by crag. For, as one of the << Needles," or insulated 
rocks of chalk, which stood 120 feet above high water 
mark, at the western extremity of the Isle of Wight, 
fell into the sea in 1772 *, so a pinnacle of chalk may 
have been precipitated into the tertiary sea, at a point 
where some strata of the crag had previously accumu- 
lated. The beds of flint and chalk in the above diagram 
appear nearly horizontal ; but they are in fact highly 
inclined inwards towards the cliff. The rapid waste of 
the Norfolk coast might soon enable us to understand 
the true position of this mass, if observations and draw- 
ings were made from time to time of the appearances 
which it presents, f 

Perhaps it may be necessary to suppose, that sub- 
terranean movements were in progress during the de- 
position of the crag; and the extraordinary dislocations 
of the beds, in some places, which in others are per- 
fectly regular and horizontal, may be most easily 
accounted for by introducing an alternate rise and de- 
pression of the bed of the sea, such as we know to be 
usually attendant on a series of subterranean convul- 
sions. Several of the contortions may also have been 
produced by lateral movements. 

Passage of marine crag into cdluvitim. — By suppos- 
ing the adjoining lands to have participated in this 
movement, we may explain the origin of those masses 

* Dodsley's Annual Register, vol. xv. p. 140. 

t For additional facts respecting the sections and organic re- 
mains of part of the coast above described, see Geology of Nor- 
jTolkc bj Samuel Woodward^ ISSS. 
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of an alluvial character which contain the detritus of 
many rocks, the phones of land animals, and of drift 
timber, which were evidently swept down into the sea. 
The land-floods which accompany earthquakes are, as 
we have seen, capable of transporting such materials 
to great distances ; and, as part of these alluviums 
must be left somewhere upon the land, we may expect 
to find, on exploring the submarine surface when it is 
afterwards disclosed, a gradual passage from the ter-. 
restrial alluvium to that which was carried down into 
the sea, so as to alternate with marine beds.^ 

* While this sheet was paanng through the press I received a 
letter from the Rev. Dr. Fleming, author of Brit Anim. ; to 
which I shall allude, because some imagine that the << crag ** will 
be found to contain a larger proportion of recent species than I 
had formerly inferred. Dr. F. rather anticipates the contrary, 
for among the crag fossils examined by him he recognises a 
decided plurality of species now living in the German Ocean. 
Thus among a small number of minute multilocular cepbalopods 
of the crag he has seen Nautilus crispus, Rotalia beccaria, R. 
beccarii-perversa, Lobatula vulgaris (the sinistral var.), and Ver- 
miculum oblongum. Out of a few zoophytes of the crag sent to 
him some were extinct, but he found the following recent qie- 
cies: Eschara retiformis, £. fascialis, Retepora reticulata, with 
Homera frondiculala of Lamouroux (a Mediterranean species), 
Cellepora pumicosa, Berenicea utriculata, Fardmia fistiilosa, 
Caryopbyllia cyathus, and C. ramea. 
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Voloano9 of Olot, tn CataloMa.— 'l shall int de- 
scribe a district of extinct volcanos in the north of 
Spain, which ii little Imofni, tud which I viiited in 
iie Bununer of 1S30. 

The whole extent of country occupied by volcanic 
products in Catalonia Is not more than fifteen geogra- 
ihical milei from north to south, and about six from 
;ast to west. The venu of eruption range entirely 
vithiD a narrow baud ruouiug north and south ; and 
he brftDChes, which are represented as extending 
fig. 107. 
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eastward in the map, are formed simply of two lava- 
streams -^ those of Castell Follit and Cellent. 

Dr. Maclure^ the American geologist, was the first 
who made known the existence of these volcanos * ; 
and, according to his description, the volcanic region 
extended over twenty square leagues, from Amer to 
Massanet. I searched in vain in the environs of Mas- 
sanet, in the Pyrenees, for traces of a lava-current ; and 
I can say, with confidence, that the adjoined map gives 
a correct view of the true area of the volcanic action. 

GeologiQcU structure of the district — The eruptions 
have burst entirely through secondary rocks, composed 
in great part of grey and greenish sandstone and con- 
glomerate, with some thick beds of nummulitic lime- 
stone. The conglomerate contains pebbles of quartz, 
limestone, and Lydian stone. The limestone is not 
only replete with nummulites, but occasionally in- 
cludes oysters, pectens, and other shells. This system 
of rocks is very extensively spread throughout Cata- 
lonia ; one of its members being a red sandstone, to 
which the celebrated salt-rock of Cardona is subor- 
dinate. It is conjectured that the whole belongs to 
the age of our green-sand and chalk. 

Near Amer, in the Valley of the Ter, on the south- 
em borders of the region delineated in the map, pri- 
mary rocks are seen consisting of gneiss, mica-schist, 
and clay-slate. They run in a line nearly parallel to 
the Pyrenees, and throw off the secondary strata from 
their flanks, causing them to dip to the north and 
north-west. This dip, which is towards the Pyrenees, 
is connected with a distinct axis of elevation, and pre- 

* Madure, Joum. de Phys., voLlzvi. p. SI 9., 1808 ; cited by 
Daubeny, Description of Volcanoe, p. 84. 



Ch. XIV.] VOLCAKOS OF CATALONIA. 105 

vails through the whole area described in the iiiap» 
the inclination o£ the beds being sometimes at an 
angle of between 40 and 50 degrees. 

It is evident that the phjsicid geography of the 
country has undergone no material change since the 
commencement of the era - of the volcanic erupUonSt 
except such as has resulted from the introduction of 
new hills of scoriae, and currents of lava upon the sur* 
face. If the lavas could be remelted and poured out 
again from their respective craters, they would descend 
the same valleys in which they are now seen, and re* 
occupy the spaces which they at present fill. The oolj 
difference in the external configuration of the fresh 
lavas would consist in this, that they would nowhere 
be intersected by ravines, or exhibit marks of erosion 
by running water. 

Volcanic canes and lavas, — There are about four- 
teen distinct cones with craters in this part of Spain, 
besides several points whence lavas may have issued ; 
all of them arranged along a narrow line running north 
and south, as will be. seen in the map. The greatest 
number of perfect ccmes are in the immediate neigh- 
bourhood of Olot,. some of which are represented in 
the annexed plate (PI. XI.) ; and the level plain on 
which that town stands has clearly been produced 
by the flowing down of many lava^streams from those 
hills into the bottom of a valley, probably once of 
considerable depth, like those of the surrounding 
country. 

In tills Plate an attempt is made to represent by 
colours the different geological formations of which 
the country is composed.* The blue line of moun- 

* This view is taken from a sketch which I made on the sp«t 

in ISSO. 
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tarns in the distance are the Pyrenees, Which are to 
the nortli o£ the spectator, and consist of primary 
and ancient secondary rocks. In front of these are 
the secondary formations described in this chapter, 
coloured grey. Different shades of this, colour are 
introduced, to express various distances. The flank 
of the hill, in the foreground, called Costa de Pujou, 
is composed partly of secondary rocks, and partly of 
volcanic, the red colour expressing lava and scoriss. 

The Fluvia, which flows near the town of Olot, has 
cut to the depth of only 4*0 feet through the lavas of 
the plam before mentioned. The bed of the river is 
hard basalt; and at the bridge of Santa Madalena are 
seen two distinct laVa-currents, one above the other, 
separated by a horizontal bed of scoriee eight feet 
thick. 

In one place, to the south of Olot, the even surface 
of the plain is broken by a mound of lava, called the 
*^ Bosque de Tosca,*' the upper part of which is scori* 
aceous, and covered with enormous heaps of fragments 
of basalt more or less porous. Between the numero>us 
hummocks thus formed are deep cavities, having the 
appearance of small craters. The whole precisely re- 
sembles some of the modern currents of Etna, or that 
of C6me, near Clermont ; the last of which, like the 
Bosque de Tosca, supports only a scanty vegetation. 

Most of the Cataionian volcanos are as entire as 
those in the neighbourhood of Naples, or on the flanks 
of Etna. One of these, figured in the plate, called 
Montsacopa, is of a very regular form, and has a cir- 
cular depression or crater at the summit. It is chiefly 
made up of red scoriae, undistinguishable from that of 
the minor ccmes of Etna. The neighbouring hills of 
Olivet and Garrinada, also figured in the plate, are of 
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■inular oMnposition and shape. The brgnt craUr 
of the whgle diitrict oocun &txber to the «8«t of Olot} 
and is called Saate Ma^siita. It is iS6 ttet deep* 
and about a mile in dircuiafbrenoe. Like Astzooi) 
near Hapies, it is richly covered with wood, wherebi 
game of varioos kinds abounds. 

Aithough the volcanoa of Catalonia have tvxdten out 
through saodstone, shale, and limestone, as have those 
of the Eifel, in Qertnany, to be described in the sequel, 
there ia a remarkable difierence in the nature of the 
ejections ccnnposing the conea in these two regima. 
In the Eifel, the quantity of pieces of sandstone attd 
shale thrown out from the vents is often so immense 
as &r to exceed in volume the scoriie, pumice, and 
lava ; but I sought in vain in the cones near Olot for 
a single fragment of any extraneous rock ; and Don 
Francisco BoIob, an eminent botanist of Olot, iaforma 
me that he has never been able to detect any. Vol- 
canic sand and ashes are not confined to the cones, 
but have been sometimes scattered by the wind over 
the country, and drifted into narrow valleys, as is seen 
between Olot and Cellent, where the annexed section 
ia exposed. The light cindery volcanic matter rests 
in thin regular layers, just as it alighted on the slope 
formed by the solid conglomerate. No fiood could 
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Secondary conglo- 
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have passed through the valley since the scoriae fell, or 
these would have been for the most ^t removed. 
The currents of lava in Catalonia, like those of 
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Attvergne, the Vivarais, Iceland, and all mountainous 
countrtesi are of considerable depth in narrow defiles, 
but spread out into comparatively thin sheets in places 
where the valleys widen. If a river has flowed on 
nearly level ground, as in the great plain near Olot, 
the water has only excavated a channel of Silight depth; 
but where the declivity is great, the stream has cut a 
deep section, sometimes by penetrating directly through 
the central part of a lava-current, but more frequently 
by passing between the lava and the secondary rock 
which bounds the valley. Thus, in the accompanying 
section, at the bridge of Cellent, six miles east of Olot, 




Seetkm aboae the bridge qt CeUenl 

a. Scoriaceous lava. i. Scoris, vegetable soil, and alluvium. 

6. Schistose basalt e. Nummulitic limestone, 

c. Columnar basalt. /i Micaceous grey sandstone. 

we see the lava on one side of the small stream ; while 
the inclined stratified rocks constitute the channel and 
opposite bank. The upper part of the lava at that 
place, as is usual in the currents of Etna and Vesuvius, 
is scoriaceous ; farther down it becomes less porous, 
and assumes a spheroidal structure; still lower it 
divides in horizontal plates, each about two inches in 
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thickness, and is more compact. Lastly, at the bot- 
tom is a mass of prismatic basalt about five feet thick. 
The vertical columns often rest immediately on the 
subjacent secondary rocks ; but there is sometimes an 
intervention of such sand and scoriie as cover the 
country during volcanic eruptions, and which when 
unprotected, as here, by superincumbent lava, is 
washed away from the surface of the land. Some- 
times, the bed cf contains a few pebbles and angular 
fragments of rock ; in other places fine earth, which 
may have constituted an ancient vegetable soil. 

In several localities, beds of sand and ashes are in- 
terposed between the lava and subjacent stratified 
rock, as may be seen if we follow the course of the 
lavarcurrent which descends from Las Planas towards 
Amer, and stops two miles short of that town. The 
river there has often cut through the lava, and through 
eighteen feet of underlying limestone. Occasionally 
an alluvium, several feet thick, is interspersed between 
the igneous and marine formation; and it is interesting 
to remark that in this, as in other beds of pebbles 
occupying a similar position, there are no. rounded 
fragments of lava ; whereas, in the most modem gravels- 
beds of rivers of this country, volcanic pebbles are 
abundant. 

The deepest excavation made by a river through 
lava, which I observed in this part of Spain, is that 
seen in the bottom of a valley near San Feliu de PaU 
ler61s, opposite the Castell de StoUes. The lava there 
has filled up the bottom of a valley, and a narrow 
ravine has been cut through it to the depth of one 
hundred feet. In the lower part the Lava has a 
columnar structure. A gteat number of ages were 
probably required for the ertision of so deep a ravine; 
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but w<^ have no reason to infer that this current is of 
higher antiquity than those of the plain near Olot 
The M of the ground, and consequent velocity of the 
stream) being in this case greater, a more considerable 
volume of rock may have been removed in the same 
time« 

I shall describe one more section to elucidate the 
phenomena of this district. A lava^stream, flowing 
from a ridge of hills on the east of Olot, descends a 
considerable slope, until it reaches the valley of the 
river Fluvia* Here, for the first time, it comes in 
contact with running water, which has removed a 
portion, and laid open its internal structure in a preci- 
pice about 130 feet in height, at the edge of which 
stands the town of Castell Follit. 

By the junction of the rivers Fluvia and Teronel 
the mass of lava has.been cut away on two sides ; and 
the insular rock b (Fig. 110.) has been left, which was 
probably never so high as the cliff a, as it may have 
constituted the lower part of the sloping side of the 
original current. 

From an examination of the vertical cliffs, it appears 
that the upper part of the lava on which the town is 
built is scoriaceous, passing downwards into a sphe- 
roidal basalt ; 'some of the huge spheroids being no 
less than six feet in diameter. Bdow this is a more 
compact basalt with crystals of olivine. There are in 
all about four distinct ranges of prismatic basalt, separ- 
ated by thinner beds not columnar, and some of which 
are schistose. The whole mass rests on alluvium, ten 
or twelve feet in thickness, composed of p€l>ble8 of 
limestone and quartz, but without any intermixture of 
igneous rocks ; in which circumstance alone it appears 
to differ from the modem gravel of the Fluvia. 




A. Cburch and town of Cutell Follit, overlooking predpicet of 

biult. 

B. Satall blmd, on eadi Me of which bnnehei of tbi riier 

Tenwel flow to lowt dia fluvU. 

c. FradpicA of baultic hva, chiefly Eolumiur, about ISO feat in 

d. Ancient alluiium underlying the Uis-currenL 

e. Inclined ittata of Kcondar; sandstone. 

Bvfadon. — The yolcanic roclu near Olot bave «flen 
a Cftvernoua structure, like some of the lavas of Etna; 
and in man^ parts of the hill of Batet) in the environa 
of the town, the sound returned by the. earth, vhm 
ttnick, is like that of an tvchwa;. At the base of the 
■ame hill are the mouths of several Bubterranean 
cavemi, about twelve in number, which are called tn 
the countrj " bu&dora," from which a current of cdd 
air isiuea during summer, but which in winter is nid 
to be scarcely perceptible. I viaited one of these 
hu&dors in the beginning ai August, 1880, when the 
heat of the season was unusually inteoH, and found a 
cold wind blowing from it ; whidi may easily be ex- 
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plained ; for as the external air, when rarefied by heat, 
ascends, the pressure of the colder and heavier air of 
the caverns in the interior of the mountain causes it 
to rush out to supply its place. 

Age of the Ctxbdonian vokanos uncertain. — It now 
only remains to o£Per . some remarks on the probable 
age of these Spanish volcanos. Attempts have been 
made to prove, that in this country, as well as in Au- 
vergne and the Eifel, the earliest inhabitants were eye- 
witnesses to the volcanic action. In the year 1421, it 
is said, when Olot was destroyed by an earthquake, 
an eruption broke out near Amer, and consumed the 
town. The researches of Don Francisco Bolos have, 
I think, shown, in the most satisfactory manner, that 
there is no good historical foundation for the latter 
part of this story ; and any geologist who has visited 
Amer must be convinced that there never was any 
eruption on that spot. It is true, that, in the year above 
mentioned, the whole of Olot, with the exception of a 
single house, was cast down by an earthquake ; one 
of those shocks which, at distant intervals during the 
last five centuries, have shaken the Pyrenees^ and par- 
ticularly the country between Perpignan and Olot, 
where the movements, at the period alluded to, were 
most violent. 

Some houses are said to have sunk into the earth ; 
and this account has been corroborated by the fact 
that, within the memory of persons now living, the 
buried arches of a Benedictine monastery were found 
at a depth of six feet beneath the suHace ; and still 
later, some houses were dug out in the street called 
Aigua. Don Bolos informed me, that he was present 
when the latter excavation was made, and when the 
roof of a buried house was found nearly entire ; the 
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interior of the building being in a great part empty, so 
that it was necessary to fill it up with earth and 
stones, in order to form a sure foundation for the new 

edifice. 

The annihilation of the ancient Olot may, perhaps, 
be ascribed, not to the extraordinary violence of the 
movement on that spot, but to the cavernous nature of 
the subjacent rocks ; for Catalonia is beyond the line 
of those European earthquakes which have, within the 
period of history, destroyed towns throughout exten- 
sive areas. 

As we have no historical records, then, to guide us 
in regard to the extinct volcanos, we must appeal to 
geological monuments. I have little doubt that some 
fossil land-shells, and bones of quadrupeds, will here- 
after reward the industry of collectors. If such re- 
mains are found imbedded in volcanic ejections, the 
period of the eruptions may be inferred ; but at pre- 
sent we have no evidence beyond that afibrded by 
superposition, in regard to which the annexed diagram 
will present to the reader, in a synoptical form, the 
results obtained from numerous sections. 



Fig. 111. 




SuperpoaUion qf rockt in the volcamc ditMct qf Catabmta. 

a. Sandstone and nummulitic limestone. 

6. Older alluvium without volcanic pebbles. 

c. Cones of scoriae and lava. d. Newer alluvium. 

The more modern alluvium, df, is partial, and has 
been formed by the action of rivers and floods upon the 
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lava ; whereas the older gravely ij waft atrewed over 
the country before the volcanic eruptions. In neither 
have any organic remains been discovered ; so thas we 
can merely affirm, as yet, that the volcanos broifce c/at 
after;the elevation of some of the newest rocks of the 
secondary series, and before the formation of an allu* 
vium, d, of unknown date. The integ;rity of the cones 
merely shows that the country has not been agitated 
by violent earthquakes, or subjected to the action of 
any great transient flood since their origin. 

East of Olot, on the Catalonian coast, marine tertiary 
strata occur, which, near Barcelona, attain the height 
of about five hundred feet. It appears probable^ from 
a small number of shells which I collected^ that these 
strata may correspond with the Subapennine |^ds ; 
so that if the volcanic district had extended thus fiu*, 
we might be able to determine the age of the igneous 
products, by observing their relation to these Older 
Pliocene formations.* 

Sardinian volcanos.^— The line of extinct volcanos 
in Sardinia, described by Captain Smyth f, is also of 
uncertain date, as, notwithstanding the frediness of 
some of the cones and lavas, they may be of high an- 
tiquity. They rest, however, on a tertiary formation, 
supposed by some to correspond to the Subapennine 
strata, but of which the fossil remains have not been 
fully described. 

Volcanic rocks of the EifeL — The volcanos of the 
Lower Rhine and the Eifel are, for the most part, of no 

* For some account of the Olot tolcanos, see '< tToticia de los 
Estinguidos Volcanes de la Villa de Olot,** by Francisco Bolos. 
Barcelona. No date ; but the observations, I am told, preceded 
those of Dr. Madure. 

t Present Statft of Sardinia, &c. pp. 69, 70« 
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less uncertain date than those of Catalonia ; but I am 
desirous of pointing out some of their peculiar charac- 
tersy and shall, therefore, treat of them in this chapter^ 
trusting that future investigations will determine their 
chronological relations more accurately. 

For the geographical details of this volcanic region 
the reader is referred to the annexed map (Fig. 11 2.), 
for which 1 am indebted to Mr. Homer, whose resi- 
dence in the Country has enabled him to verify the 
maps of MM. Noeg^erath and Von Oeynhau^en, from 
which that now given has been principally compiled. 

There has been a long succession of eruptions in 
this coimtry, and some of them must have occurred 
when its physical geography was in a very different 
state, while others have happened when the whole 
district had nearly assumed its present configuration. 

The fundamental rock of the Eifel is an ancient 
secondary sandstone and shale, to which the obscure 
and vague appellation of ''grejrwack^" has been given. 
The formation has precisely the characters of a great 
part of those gray and red sandstones and shales, 
which are called <' old rfed sandstone*' in England and 
Scotland, where they constitute the inferior member 
of the carboniferous series. In the Eifel they occupy 
the same geological position, and in some parts alter- 
nate with a limestone, containing trilobites and other 
fossils of our " mountain" and <^ transition" limestones. 
The strata are inclined at all angles, from the hori- 
zontal to the vertical, and must have undergone re- 
iterated convulsions before the country was moulded 
into its present form. 

Lahe-craters. — The volcanos have broken out some- 
times at the bottom of deep valleys, sometimes on 
the summit of hills, and frequently on intervening 
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platfonm. The traveller often fiUls up<» them unex- 
pectedly in a diitrict' otherwise extremely barren of 
geological interesL Thus, for example, he might 
arrive at the village of Gemund, immediately couth of 
Daun, without suspecting that he was in the imme- 
diate vicinity of lome of the moat remarkahle venti of 
enqitioo. Leaving a Btream, which Howt at the bottom 
of a deep valley in a Modatone country, he climbi tbt 
steep acclivity of a hill, where he observes the edges 
of strata of Baadatone and shale dipping inwards to- 
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wards the mountain. When he has ascended to a con- 
siderable height, he sees fragments of scoriae sparinglj 
scattered over the surface ; till at length, on reaching 
the summit, he finds himself suddenly on the edge of 
a tamy or deep circular lake-basin. 

This, which is called the Gemunder Maar, is the 
first of three lakes whidi are in immediate contact, 
the same ridge forming the barrier of two neighbouring 
cavities (see Fig. US.). On viewing the first of these 
we recognize the ordinary form of a crater, for which 
we have been prepared by the occurrence of scoris 
scattered over the surface of the soil. But on exam- 
ining the walls of the crater, we find precipices of 
sandstone and shale which exhibit no signs of the 
action of heat ; and we look in vain for those beds of 
lava and scoriae, dipping in opposite directions on every 
side, which we have been accustomed to consider as 
characteristic of volcanic craters. As we proceed, how. 
ever, to the opposite side of the lake, and afterwards 
visit the craters c andc? (Fig. 114.), we find a consider- 
able quantity of scoriae and some lava, and see the whole 
surface of the soil sparkling with volcanic sand, and 
strewed with ejected fragments of half-fused shale, 
which preserves its laminated texture in the interior, 
while it has a vitrified or scoriform coating. 

A few miles to the south of the lakes above men- 
tioned occurs the Pulvermaar of Gillenfeld, an oval 
lake of very regular form, and surrounded by an un- 
broken ridge of fragmentary materials, consisting of 
ejected shale and sandstone, and preserving a uniform 
height of about 150 feet above the water. The side 
slope in the interior is at an angle of about forty-five 
degrees ; on the exterior, of thirty-five degrees. Vol- 
canic substances are intermixed very sparingly with 
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the ejections) which in this place endrelj conceal from 
view the stratified rocks of the country.* 

The Meerfelder Maar is a cavity of far greater size 
and depth, hollowed out of similar strata ; the sides 
presenting some abrupt sections of inclined secondary 
rocks, which in other places are buried under vast 
heaps of pulverized shale. I could discover no scoriae 
amongst the ejected materials, but balls of olivine 
and other volcanic substances are mentioned as having 
been found.f This cavity, which we must suppose to 
have discharged an immense volume of gas, is nearly 
a mile in diameter, and is said to be more than one 
hundred fathoms deep. In the neighbourhood is a 
mountain called the Mosenberg, which consists of red 
sandstone and shale in its lower parts, but supports on 
its summit a triple volcanic cone, while a distinct cur- 
rent of lava is seen descending the flanks of the moun- 
tain. The edge of the crater of the largest cone re- 
minded me much of the form and characters of that of 
Vesuvius. 

If we pass from the Upper to the Lower £ifel, we 
find the celebrated lake-crater of Laach, which has a 
greater resemblance than any of those before men- 
tioned to the Lago di Bolsena, and others in Italy — 
being sui^ounded by a ridge of gently sloping hills, 
composed of loose tuffs, scoriae, and blocks of a variety 
of lavas. 

One of the most interesting volcanos cm the left 
bank of the Rhine is called the Koderberg. It forms 
a circular crater nearly a quarter of a mile in diameter, 
and one hundred feet deep, now covered with fields of 

* Scrope, Edin. Joum. of Sci., June, 1826, p. 145. 
t Hibbert, Extinct VoloaBos of the Rhine, p. 24. 
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o^rn. The highly inclined greywack^ strata rise even 
to the rim of one side of the crater ; but they are over- 
spread by quartzose gravely and this again is covered 
by volcanic scoriae and tufaceous sand. The opposite 
wall of the crater is composed of cinders and scorified 
rock, like that at the summit of Vesuvius. It is quite 
evident that the eruption in this case burst through 
the greywacke and alluvium which immediately over- 
lies it ; and I observed some of the quartz pebbles 
mixed with scorise on the flanks of the mountain, as if 
they had been cast up into the air, and had fallen agab 
with the volcanic ashes. 

. I have already observed, that a large part of this 
crater has been filled up with loess, and I have pointed 
out how far we may thus obtain a relative date for the 
period of its eruption.* 

. The most striking peculiarity of a great many of the 
craters above described, is the absence of any signs of 
alteration or torrefaction in their walls, when these are 
composed of regular strata of greywack^-sandstone and 
shale. It is evident that the summits of hills formed 
of the above mentioned stratified rocks have, in some 
cases, been carried away by gaseous explosions, while 
at the same time no lava, and often a very small quan- 
tity only of scoriae has escaped from the newly formed 
cavity. There b, indeed, no feature in the Eifel vd. 
cano9 more worthy of note, than the proofs they afford 
of very copious aeriform discharges, unaccoppanied by 
the pouring out of melted matter, except, here and 
there, in very insignificant volume. I have seen no 
assemblage of extinct volcanos in France, Italy, or 
Spain, where gaseous explosions of such magnitude 

• See p. 48. 
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have been attended by the emission of so small a 
quantity of lava. Yet I looked in vain in the Eifel for 
any appearances which could lend support to the hy- 
pothesiSy that the sudden rushing out of such enormous 
volumes of gas had ever lifted up the stratified rocks 
immediately around the vent, so as to form conical 
masses, having their strata dipping outwards on all 
sides from a central axis. In the Gemunder Maar 
the beds, as before stated, have an inward dip on one 
side of the hill; and in the walls of this and other cra- 
ters, there are strata which are inclined at all angles, 
just as may be observed in the greywack^, far from the 
points of eruption. Tliose who favour the theory of 
the elevation crater might naturally expect, that in a 
district where so many tremendous explosions have 
occurred, they would find masses of greywack^ tower- 
ing several thousand feet above the surrounding plat- 
form, whereas the height of these ancient rocks has 
not been visibly affected by the sites of the extinct 
volcanos.* 

Trcus and its ort^tn.— It appears that in the Lower 
Eifel eruptions of trachy tic lava preceded the emission 
of currents of basalt, and that immense quantities of 
pumice were thrown out wherever trachyte issued* 
In this district, also, we find the tufaceous alluvium of 
the Rhine volcanos called trassj which has covered 
large areas, and choked up some valleys now partially 
re-excavated. This trass is unstratified ; and its base 
consists almost entirely of pumice, in which are in- 
cluded fragments of basalt and other lavas, pieces of 
burnt shale, slate, and sandstone, and numerous trunks 
and branches of trees, 

• See Vol. II. p. 205. 
VOL. IV. O 
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' We may easily conceive the mabaer of its* origin, if 
we reflect on what would happen if an eruptioD, at- 
tended by a odious evolution of gases, should now 
occur in one of the lake basins. The water might re- 
main for weeks in a state of violent ebulMtion, until it 
became of the consistency of mud, just as the sea con- 
tinued to be charged with red mud round Graham's 
hiland, in the Mediterranean, in the year }831.* ff 
a breach should then be made in th& side of t;he cone, 
tiie flood would sweep away great heaps of ejected 
&agi|ienta of shale and sandstone, which would be 
borne down into the adjoining valleys. Forests might 
be torn up by such a flood ; and thus the occurrence of 
the numerous trunks of trees dispersed irregularly 
through the trass, can be explained. 

Age of the volcanic rocks, — It will be seen by the 
map (Fig. 112.), that the volcanic rocks extend also to 
t^e opposite or right bank of the Rhine, where thej 
are spread over parts of the Westerwald, and form the 
great mass of the mountains called the Siebengebirge. 
They consist partly of basaltic and partly of trachytic 
lavas, the latter description being, in general, the more 
ancient of the two. There are many varieties of tra- 
chyte, some of which are highly crystalline, resembling 
a coarse-grained granite, with large separate crystals 
of felspar. Trachytic tuff is also very abundant. It 
is a di£Scult task to determine the age of all these 
igneous, rocks, although their position, relatively to 
the stratified formations with which they are asso- 
'dated^ has been clearly made out. The accompanying 
table presents in a synoptical view the series of rocks 
of the district delineated in the map (Fig. 1 12,}. 

* See YoL II. p. 900. 
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a. Vblcftnie. 

b. Loess, 
c Ofi|«eli I. A. Newer Pliocene. 
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b. 

a, Yolcaxiic. 

(jU. Volcanic 

e» fqtmvfi » -IB. Tertiary — of uncertain perioda, but older 

g. Volcanic. 
jr. Brown coal. 

Qrey^ack^. C. 

It will be seen that the greywack^ C, before alluded 
to (p; 11*5.), is t^e lowest rock of the series, which is 
usually in highly inclined strata ; upon this reposes a 
nearly horizontal tertiary formation f^ which has been 
called ^' brown coal.*' This deposit consists of beds of 
loose sand and sandstone, clay with nodules of clay- 
ironstone, and siliceous conglomerate. Beds of light 
brown and sometimes black lignite, of various thick- 
ness, are interstratified with the clays and sands, and 
often irregularly diffused through them. They are 
extensively worked for fuel, and hence the name givea 
to the whole formation : they contain numerous im- 
pressions of leaves and stems of trees. In several 
places layers of trachytic tuff are interstratified, and 
in these tufis are leaves of plants identical with those 
ibund in the brown coal, showing that during the 
pertodof the accumulation of the latter, some volcanic 
prodiicts (^)'were ejected. 

A vast deposit of gravel, «, chiefly composed of 
pebbles of white quartz, but containing also a few 
fragments of other rocks, lies over the brown coal 
formation, forming sometimes only a thin covering, at 
others attaining w thickness of more tlian 100 feet. 

G 2 
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This gravel is very distinct in character from that now 
forming the bed of the Rhine. It is called " Kiesel 
gerolle " by the Germans, often reaches great eleva- 
tions, and is covered in several places with volcanic 
ejections. It is evident that the country has under- 
gone great changes in its physical geography since 
this gravel was formed, whereas no inconsiderable pro- 
portion of the volcanic rocks, d, were produced after 
the country had nearly attained its present configur- 
ation. 

The aqueous and igneous formations above enume- 
rated, constituting the group B, may be declared to be 
tertiary, from the character of the organic remains of 
the brown coal/; for they are seen to be either of the 
same age as/ or newer, and the members of the group 
A have been shown to be so intimately connected with 
the loess *, that we may, without hesitation, declare 
them to belong to the Newer Pliocene period. It 
should be recollected, however, that the whole series 
A only forms, in the aggregate, a very insignificant 
feature in the district, and the great mass of the vol- 
canic products, dy may, possibly, belong to the Older 
Pliocene, or some still more remote era. 

The varieties of wood found in the brown coal strata 
are said to belong entirely to dicotyledonous trees; 
but among the impressions of leaves, collected by Mr. 
Horner, some were referred by Mr. Lindley to a 
palm, and others resembled the Cinnamomum dulce, 
and Podocarpus macrophylla, which would also indi- 
cate a warm climate. f 

The other organic remains of the brown coal are 

• Seepp. 46. 48. 

f Proceedings of Geo!. Soc., 1833. p. 469. 
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principally fishes; they are founji id a bitumiDous 
shale, called paper-coal, from being divisible into ex- 
tremely thin leaves. The individuals are extremely 
numerous; but they appear to belong to about five 
species, which M. Agassiz informs me are all extinct, 
and hitherto peculiar to this brown coal. They belong 
to the firesh- water genera Leuciscus, Aspius, and Pcrca. 
The remains of frogs also, of an extinct species, have 
been discovered in the paper coal ; and a complete 
series may be seen in the museum at Bonn, from the 
most imperfect state of the tadpole to that of the full- 
grown animal. With these a salamander, scarcely 
distinguishable from the recent species, has been found, 
and several remains of insects. 

The brown coal was evidently a fresh-water form- 
ation ; but the extreme rarity of shells renders it diffi- 
cult to form any conjecture as to the subdivision of 
the tertiary period to which it may belong. Near 
Marienforst, in the vicinity of Bonn, large blocks are 
found of a white opaque chert, containing numerous 
casts of fresh-water shells, which appear to belong to 
Planorbis rotundatus and Limnea longiscata, two spe. 
cies common both to the Eocene and Miocene periods, 
but which have not been found in any newer deposits. 
M. Deshayes, to whom I showed the specimens, said 
he felt as confident of the above identifications as mere 
casts would warrant. These blocks of chert are not 
in situ, but they probably belong to the brown coal 
formation, oi which the hills at Marienforst consist. 
The brown coal is well known to contain, at other 
places, subordinate beds of silex. It is to be hoped, 
that a comparison of the organic remains of the 
brown coal with those of the tertiary formation of 

G 3 
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Mayence, which appears to be of Miocene date, wifi 
throw some light on the chronological rdatioos of 
liie igneous and freshwater formations iflbove coih 
sidered.* 

* For fuller details consult Noeggerath's Bbeinland West- 
phalen, Memoirs of Von Dechen, Oeynhausen, and Von Buch, 
Stdninger (erioscbenen Vulkane in der Eifel, &c.. Mains, 1820), 
Van der Wyck (Uebersicht der Rheiniscben und T^ifeler 
erlofioh. Vulkane, Bonn. 1826), Scrope (Edin. Joom. of Sd 
1826| p. 145.), Daiibeny (Volcanos, p. 45.), Leonhard (Ueber 
Basalt-Gebilde), Hibbert (Extinct. Voks. of Rlmie), and tic 
. Jlemoir above cited by Mr. Homer. 
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CHAPTER XV. 

Miocene period — Marine formations — Faluns of Touraine*— 
compared to the English crag — Basin of the Gironde and 
Landes — ^resh- water limestone of Saucats, (p. 134.) — Eocene 
stratH in the B6rdeaux basin. — Position of the limestone of 
Blaye -— Inlahd cliff near Dax — Montpellier — Strata ot 
PiediAOM -^ Stfperga — Valley of the Bormida — Molasse of 
Switzerland, (p. 140.) — Basin of Vienna — Styria — HuqI. 
gary — Volhynia and Podolia — Mayence. 



Having treated in the preceding chapters of the older 
and Newer Pliocene formations, I shall next consider 
those members of the tertiary series for which I have 
proposed the name of Miocene. The distinguishing 
characters of this group, as derived from its imbedded 
fossil testacea, have been explained in the fifth chap- 
ter.* In regard to the relative position of the strata, 
they underlie the Older Pliocene, and overlie the 
iBocene formations, when any of these happen to be 
'present. 

The area covered by the marine, fresh-water, and 
volcanic rocks of the Miocene period, in different parts 
of Europe, can already be proved to be very consider- 
able ; for they occur in Touraine, in the basin of the 
Loire, and still more extensively in the South of France, 

» Vol.HI. p. d92. 
G 4 
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between the Pyrenees and tlie Gironde. They have 
also been observed in Piedmont, near Turin, and in the 
neighbouring valley of the Bormida, where the Apen- 
nines branch off from the Alps. They are largely de- 
veloped in the neighbourhood of Vienna and in Styria; 
they abound in parts of Hungary ; and they overspread 
extensive tracts in Volhynia and Podolia. 

Shells characteristic of the Miocene strata are found 
in all these countries, figures of some of which are 
given in Plate XII., the species here selected abounding 
in almost all the deposits of this era, and not occurring 
in any Eocene or Pliocene formations. Cardita Ajar, 
however, is also a recent species, but has been adoiitted 
on account of its abundance in Miocene strata, and 
because it has never yet been observed in any Piioeene 
deposit^ and is confined in a living state to tropical 
countries, as Senegal. 

I shall now proceed to notice briefly some of the 
countries before enumerated as containing monuments 
of the era under consideration. 

Touraine, — I have already alluded to the proo& 
of superposition adduced by M. Desnoyers, to show 
that the shelly strata provincially called << the Faluns 
of the Loire," were posterior to the most recent fresh- 
water formation of the basin of the Seine. Their 
position, therefore, shows that they are of newer 
origin than the Eocene strata, — more recent, at least, 
than the uppermost beds of the Paris basin. But an 
examination of their fossil contents proves also that 
they are referrible to that type which distinguibhes 
the Miocene period. When 300 of the Touraine 
shells collected by M. Desnoyers were compared by 
M. Deshayes with more than 1100 of the Parisian 
species, there were scarcely more than 20 which could 
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itified ; and on the other hand, the fossil shells 
Touraine beds agree far less with the testacea 
habiting.our seas than do the shells of the Older 
ne strata of Northern Italy, 
not merely in the basin of the Loire that the 
sition of the Miocene to the Eocene strata has 
bserved ; but in the Cotentin (see Map, chap, 
'and in tbe environs of Rennes in Brittany, 
e Miocene strata of the Loire have been observed 
pose on a great variety of older rocks between 
ine and the sea, in which line they are seen to rest 
fissively upon gneiss, clay-slate, coal-measures, 
». limestone, greenstone, chalk, and lastly upon the 
r fresh-water deposits of the basin of the Seine, 
consist principally of quartzose gravel, sand, and 
n shells. The components are generally inco- 
t, but sometimes agglutinated together by a caU 
us or earthy cement, so as to serve as a building 
^;ie. Like the shelly portion of the crag of Norfolk 
i Suffolk, the faluns and associated strata are of 
^t thickness, not exceeding seventy feet. They 
m bear a close resemblance to the crag in appearance, 
i shells being stained of the same ferruginous colour, 
being in the same state of decay ; serving in 
raine, just as in Norfolk and Suffolk, to fertilize the 
lie land. Like the crag, also, they contain mam- 
rous remains, which are not only intermixed with 
ine shells, but sometimes encrusted with serpulae, 
tra, and balani. These terrestrial quadrupeds 
)\ong to the genera Mastodon, Rhinoceros, Hippo- 
^tamus, &c., the assemblage, considered as a whole, 
eing very distinct from those of the Paris gypsum.* • 

* DesDoyers, BulL de la Soc. G^ol. de France, torn. ii. p. 44S. 

Q 5 
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The &lim8 and coattmporarj strata of the baiih of 
the Loire may be considered generally as having beto 
-formed in a shallow sea, into which a river, fiowiog 
perhaps from some of the lands now drained bj the 
Loire, introduced from time to time fluviatile shells, 
wood, and the bones of quadrupeds, which inaj have 
been washed down during floods. Some of these 
bones have precisely the same black colour as those 
found in the peaty shell-marl of Scotland; and we 
might imagine them to have been dyed black in Mvh 
venepeat, which was swept down into the sea duriog 
the waste of cliffs, did we not find the Iremains oi 
cetacea in the same strata-— bones, for example, of the 
iamantine, morse, sea-calf, and dolphin, having pre- 
Jcisely the bame colour. 

The resemblance which M. Desnoyers has pointed 
out as existing between the English crag and the 
French faiuns is one which ought by no means to in- 
duce us to ascribe a contemporaneous origin to these 
two groups, but merely a similarity of geographical 
circumstances at the respective periods Whisn each 
was deposited. In every age, where there is land and 
sea, there must be shores, shallow estuaries, and rivers; 
and near the sea- coasts banks of marine shells and 
corals may accumulate. It must also be expected 
that rivers will drift in fresh-water shells, tog^^ 
with sand and pebbles, and occasionally, perhaps^ 
sweep down tl)e carcasses of land quadrupeds into the 
sea. If the sand and shells, both of the '^ crag " and 
^^ faiuns," have each acquired the same ferruginc^ns 
polour, such a coincidence would merely lead us to 
infer that, at each period, there happened to be spring^ 
charged with iron^ which flowed into some part of the 
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The &luii6 and conttimporarj strata of the baiih of 
the Loire may be considiered generally as having beta 
-formed in a shallow sea, into which a river, flowing 
perhaps from some of the lands now drained bj the 
'Loire, introduced from time to time fluviatile shells, 
wood, and the bones of quadrupeds, which may have 
been washed down during floods. Some of these 
bones have precisely the same black colour as those 
found in the peaty shell-marl of Scotland; and we 
might imagine them to have been dyed black in Mnh 
cenepeat, which was swept down into the sea during 
the waste of cliffs, did we not find liie Remains of 
cetacea in the same strata-— bones, for example, of the 
lamantine, morse, sea-calf, and dolphin, having pre- 
cisely the tome colour. 

The resemblance which M. Desnoyers has pointed 
out as existing between the English crag and the 
French faiuns is one which ought by no means to in- 
duce us to ascribe a contemporaneous origin to these 
two groups, but merely a similarity of geographical 
circumstances at the respective periods Whisn eadi 
was deposited. In every age, where there is land and 
aea, there must be shores, shallow estuaries, and rivers; 
and near the sea-coasts banks of marine shells and 
corals may accumulate. It must also be expected 
that riviers will drift in fresh-water shells, together 
with sand and pebbles, and occasionally, perhaps, 
3weep down the carcasses of land quadrupeds into the 
sea. If the sand and shells, both of the '' crag " and 
^' faiuns,*' have each acquired the same ferruginous 
polour, such a cmncidence would merely lead us to 
infer that, at each period, there happened to be springs 
charged with iron^ which flowed into some part of the 
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which occur not far to the west of Orieans, M. Des- 
rioyers has discovered the following mammiferous 
quadrupeds i-^Palaotherium magnum^ Mastodon an- 
gusHdenSy Hippopotamus major and H. minuiiu, 
Rhinoceros leptorhinus and R, mmutus^ Tapir gigas, 
Anthracotherium (small species), Sus, Eguus (small 
species), Cenmsy and an undetermined species of the 
Rodentia. . 

The first species on this list is common to the Paris 
gypsum, and is therefore an example of a land quad- 
ruped common to the Miocene and Eocene formations, 
an exception perfectly in harmony with the results 
obtained from the study of fossil shells.* 

Rasin of the Gironde and district of the Landes. — 
.A great extent of country between the Pyrenees and 
the Gironde is overspread by tertiary deposits, which 
have been more particularly studied in the environs 
of Bordeaux and Dax, from whence about six hundred 
species of shells have been obtained. These shells be- 
long to the same zoological type as those of Touraine.-)' 

Most of the beds near Dax, whence these shells 
are procured, consist of incoherent quartzose sand, 
mixed for the most part with calcareous matter, which 
has often bound together the sand into concretionary 
nodules. A great abundance of fluviatile shells occurs 
in many places intermixed with the marine ; and in 
some localities microscopic shells are in great pro- 
fusion. 

* For further details respecting the basin of the Loiie, see 
M. Desnoyers, Ann. des Sci. Nat, tome xvi. pp. 171. 402., 
where full references to other authors are given. 

•|> M. de Basterot has given a description of more than three 
hundred shells of Bordeaux and Dax, and figures of the greater 
number of them. M^m. de la See d'Hist Nat. de Parts* tomeii. 
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The tertiary depotits in this part of France vary 
much in their mineralogical character, yet admit gene- 
tally of being arranged in four groups. See diagranty 
Fig. 115. 

In s(Hne places the united thtdmess of these groups 
is considerable ; but in the country between the Py<^ 
reuees and the valley of the Adour around Dax, the 
disturbed secondary rocks are often covered by a tiiin 
pellicle only 'of tertiary strata, which rests horizontally 
on the chalk, and does not always conceal it. 

Fig. 115. Adour R. Luy R. Puy Areet. 



Tertiary gtrata over^fmg ehalk im tke efonront qf Dax. 

«. Siliceous sand without shells. c* Sand and marl with shelK 
b. Gravel. (L Blue marl with shells. 

£. Chalk and volcanic tuff. 

In the valleys of the Adour and Luy, sections of all 
the members of the tertiary series are laid open ; but 
the lowest blue marl, which is sometimes two hundred 
feet thick, is not often penetrated. On the banks of 
the Luy, however, to the south of Dax, the subjacent 
white chalk is exposed in inclined and vertical strata. 
In the hill called Puy Arzet the chalk, diaracterized 
by its peculiar fossils, is accompanied by beds of vol- 
canic tuff, which are conformable to it, and which may 
be considered as the product of submarine eruptions 
which took place in the sea wherein the chalk was 
formed. These tuffs must once have been nearly 
horizontal, but, like the chalky strata, have been sub- 
jected to great subsequent derangement. 

About a mile west of Orth^s, in the Bas Pyr6n6es^ 
the blue, marlis seen to extend to the borders of the 
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tertiary formation, and rises to the height {>rdbably of 
jBix or seven hundred feet. In that locality uiahy tyf 
>he mbrine Miocene ^ells preserve their original 
colours. This marl is covered by a conaiderable 
.thickness of ferrugitooilis gravel, which seems to in- 
crease in volume near the borders of the tertiary basin 
on the side of the Pyrienees. 

In an opposite direction, to the north of Da:st, the 
^helly sands often pass into calcareous sandstone, in 
which there are merely the casts of shells, as at Car* 
cares ; and into a shelly breccia, resembling some rocks 
of recent origin which I have received from the coral 
re^is of the Bermudas. 

fresh-water limestone (U Saueats. — Associated with 
the Miocene strata near Bordeaux, at a place called 
i9aucats, is a compact fresh-water limestone, of slight 
thickness, which is perforated on the upper surface by 
marine shells, for the most part of extinct species. 
It b evident that the space must have been flltertiatelj 
occupied by ^It and fresh water. The groond, per- 
haps, may have been alternately raised and depressed, 
or a* lagoon may have been formed> in which the water 
became fresh ; then a barrier of sand, by which the 
sea was excluded fot a time, may have been breached, 
60 that the salt water again obtained access. 
. Eixene strata in the Bordeaux basin, — * The rela- 
tions of some of the members of the tertiary series, 
in the basiii of the Gironde, have of late* afforded 
matter of controversy. A limestone, resembling tJie 
ealcaire grossier of Paris, and from one hundred to 
t$ro hundred feet in thickness^ occurs at Panliac and 
Blaye, and extends on the right batik of the Gironde,. 
(between Blaye 8ik1 La Roche. It contains many species 
<if fossik identical with those of the Parii basin. Thii 
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•fact was pointed out to me by M. Dfeshilyes befiMre I 
.visited Blaye in 1830; but although I recognized the 
^lineral characters of the rock to be very different 
ftom those of the Miocene formations ib the imme* 
diate neighbourhood of Bordeaux, I had not time to 
yerify its relative position. I inferred, however, the 
inferiority of the Blaye limestone to the Miocene 
strata, from the order in which each series presented 
itself, as I receded from the dialk and passed to the 
central parts of the Bordeaux basin. 

Upon leaving the white chalk with flints, in travel- * 
ling from Charente by Blaye to Bordeaux, 1 first found 
myself upon overlying red clay and sand (as at Mi- 
rambeau); I then came upon the tertiary limestone 
above alluded to, at Blaye ; and lastly, on departing 
still farther from the chalk, reached the strata which, 
at Bordeaux and Dax, contain exclusively the Miocene 
shells. 

The occurrence bodi of Eocene and Miocene fossils 
in the same basin of the Gironde, had been cited by 
M. Boue as a fact which detracted from the value of 
zoological characters as a means of determining the 
chronological relations of tertiary groups. But on 
farther inquiry, the fact has been found to furnish 
additional grounds of confidence in these characters. 

M. Ch. Desmoulins replied, to M. Bou6's objections, 
that the assemblage of Eocene shells ar^ never inter- 
mixed with those found in the <^ moellon,'' as he calls 
the sandy calcareous rock of the environs of Bordeaux 
and Dax ; and M. Dufr^noy &rther stated, that the 
hills of limestone which border the right bank of the 
Gironde, from Marmande as far as Blaye, present 
several sections wherein the Parisian (or Eocene) 
limestone is seen to be s^arated from the riielly 
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$trata <:alled << faluns," or << moellcmf'' by a firesh-water 
formation of considerable thkknegs. It appears, there- 
fore, that as the marine faluns of Touraine rest on a 
fresh-water formation, which overlies the marine cal* 
caire grossier of Paris, so the m^ine Miocene strata 
of Bordeaux are separated from those of Blaye by a 
fresh-water deposit.* 

The following diagram will express the order of po- 
sition of the groups above alluded to. 

Fig. 116. 




a. Red clay and sand. 

b» Limestone like calcaire grossier, sometimes alternating with 

green marl, and containing Eocene shells. 
c. Fresh-water formation, same as that of the department of Lot 

and Garonne. 
tL Tertiary strata of the Landes, with Miocene fossUs. 

Inland cliff near Dax. — A few miles west from 
Dax, and at the distance of about twelve miles from 
the sea^ a steep bank is seen running in a direction 
nearly north-east and south-west, or parallel to the 
contiguous coast. This steep declivity, which is about 
fifty feet in height, conducts us from the higher plat- 
Fig. 1I7* 
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Section qf Inland d^ at Ahesse^ near Box, 
a. Sand of the Landes. b. Limestone. c. Clay. 



^ BttUetin de la Soc. G^l. de France, tome ti, p. 44a 
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fbrm t>f the La&fles to a Idwer plain which extends tb 
the sea. The ootlifie of the ground might suggest to 
every geologist the opinion that the bank in question 
was once a 6ea«eliff, when the whole country stood at 
a lower level relatively to the sea. But this can no 
longer be regarded as matter of conjecture. In making 
excavations recently for the foundation of a building at 
Abesse, a quantity of loose sand, which formed the 
jslope de, was removed; and a perpendicular cliff, about 
fifty feet in height, which had hitherto been protected 
from the agency of the elements, was exposed. The 
bottom of this cliff consists of limestone b, which con- 
tains shells and corals of Miocene species, and is pro- 
bably a calcareous form of the division c (Fig. 115. 
p. 133.) Immediately below this limestone is the day, 
c (probably dy Fig. 115., ibid.); and above it the usnsk 
tertiary sand, a, of the department of the Landes. At 
the base of the precipice are seen large partially 
rounded masses of rock, evidently detached from the 
stratum b. The face of the limestohe is hollowed out 
and weathered into such forms as are seen in the cal- 
careous cliffs of the adjoining coast, especially at 
Biaritz, near Bayonne, where the spot was pointed out 
to me by the proprietor of the lands of Abesse in 1830. 
It is evident that, when the country was at a somewhat 
lower level, the sea advanced along the surface of the 
argillaceous stratum o, which, from its yielding nature, 
favoured the waste by undermining the more solid 
superincumbent limestone & Afterwards, when the 
country had been elevated, part of the sand, a, feU 
dowU) or was drifted by the winds, so as to form the 
talus, d e, which masked the inland cliff until it was 
artificially laid open to view. 

The situation of this cliff is interesting, as marking 
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<one iji£ the {teiisee which Intervened between the sno 
eessive movenkents of elevation by which the marist 
tertiary strata 6f this <;0antry were Upheaved to then 
preseDt height, a paiuse Ivhich al)o#ed time for the 
sea to advance and strip off the upper bbds a, by from 
the deniided -day a* 

Mcn^jdlter^^^The tertiary strata 'dfMontpeltter con- 
taiin many of the Dax and Bordeaax species of shells, 
80 that they are probably referrible to tive Miocene 
epoch ; but in the catalogue given by M. Marcel dt 
Serres, many PUoeene species, similar to those of the 
^bapennine bedil, are enumerated. M. de Onristol 
mentions Mastodon angustidens, Rhi»oec6ros lepto- 
rhibus, a Tapir, a Palaeothierimn,^ and an Ant^racothe* 
riukn, together with many other mamtnifers, besides 
cetacea and reptiles.* 

. It would be highly interesting If, upon fuller fovefr- 
tigtttion^ the Montpellver beds should be found U 
indicate a passage from the Fossils of the Miocene 
type .to thosie of the Older Plioceike. We may ig)cpect 
the discovery of isuch intermediate links, and I have 
endeavoured to provide a place fdr thetn in the clas^ 
sification proposed in ^^ fifth chapter.f 

BtUs cf ManJt Femat md the Sttpefga. — The late 
^gnor Bonelli of Turin was the fh-st who remarked 
that the tertiary shells found tn die gr^en sand iind 
jnsri of the Sof^ga near iVirin differed, as a groups 
£rora diose genemlfy charkcteris^ic of the Subapeviyiine 
beds. The same 'naturalist had also observe^ that 
hbany df the species peculiar to die Soperga wt^re 
Identical widi diose occutriv^ near Bordeaux and 

* R^um^ de M. Bou^ p. 1*28. btiW, te )a Soc t>@ol. «h 
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IfaK. The sttota of whkh the bill of tke Superga Is 
ocnnpbsed ire inclkied at an angle of uiore tliib 
sieveBty degreeb, as I found when i exiamiiied the 
Superga in company with Mr. Murchison in 1)628. 
They consist partly of fine sattd and m^l, and partly 
of a conglomerate composed of primary b^Mildert, 
which foriiis a lower ipart of the series, bnd not, as 
represented by M. Brongniart by mistake*, an ton- 
conformable and overlying mass. The same series of 
beds is more largely developed in the diain of Mont 
Ferrat, ^e^edally in the bas^ of the Bormida. The 
high road which leads ^to Savona to Alessandria 
intersects Ihem in its northern descent, &nd the form- 
ation may be well studied along this line at Cettcar^j 
Cakro, and Spikito, nt all whidi localities fossil shefes 
occur m a bright green sand. At Piana, a conglb- 
merate, intenstratified witSi this green sand, contains 
rounded blocks of serpentine and chlorite schist, larg^ 
than those near tihe summit of the Superga, some of 
"diem being not less than nine feet in diameter. 

When^we descend to Aqui, we find the green sand 
giving place to bluish marls, vHach idso skirt the plains 
of tfie Tanaro at lower levels. These niewer marls sfe 
associated with sand,' and are nearly horizontal, and 
appear to belong to the Older Pliocene Subapennine 
strata, f The shells which characterize the latter 
abound in various parts of the country near Turin ; but 
that region has not yet been examined with sufficient 
care to enable us to give exact sections to illustrate 
the superposition of the Miocene and Older Pliocene 

* Terrains du Viceotiii, p. US, 

t See sectioD, Fig. 64. Vol. III., p. 360, 
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beds. It is^ hoWever, ascertained, that the highly 
inclined green sand, which comes immediately in con- 
tact with the primary rocks, is the oldest part of the 
series.* 

Moiasse of Switzerland. . — If we cross the Alps, 
and pass from Piedmont to Savoy, we find there, at 
the northern base of the great chain, and throughout 
the lower country of Switzerland, a sofl green sand- 
stone much resembling some of the beds of the basin 
of the Bormida, above described, and associated in a 
similar manner with marls and conglomerate. This 
formation is called in Switzerland '^ molasse," said to 
be derived from " mol," " aoft^" because the stone is 
easily cut in the quarry. It is of vast thickness, but 
shells have so rarely been found in it that they do not 
supply sufficient data for correctly determining its 
age. M. Studer, in his treatise on the << molasse," 
enumerates some fossil shells found near Lucerne, 
agreeing, apparently, with those of the Subapennine 
hills. The correspondence in mineral character be- 
tween the green sand of Piedmont and that of Switzer- 
land can in nowise authorise us to infer identity of 
age, but merely to conclude that both have been 
derived from the degradation of similar ancient rocks. 

Until the place of the '* molasse " in the chrono- 
logical series of tertiary formations has been more 
rigorously determined, the application of this provincial 

* Piedmont is not wanting in able and zealous cultivators of 
Geology and Zoology, and it is to be boped that MM. Pareto, 
Passini, Sismonda, and La Marmora will devote their attention to 
the relative position of the several groups of tertiary strata in 
their country, by instituting a comparison between their respective 
organic remains. 
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name to the tertiary groups of other countries must 
be very uncertain, and it will be desirable to confine 
it to the tertiary beds of Switzerland. 

Styria, Vienna^ Hungary. — Of the various groups 
which have hitherto been referred to the Miocene 
era, none are so important in thickness and geogra^ 
phlcal extent as those which are found at the eastern 
extremity of the Alps, in what have been termed the 
basins o£ Vienn^ and Styria, and which spread thence 
into the plains of Hungary. The collection of shells 
formed by M. Constant Ptevost, in the neighbourhood 
of Vienna, and described by him in 1820*, was alone 
sufficient to identify a great part of the formations of 
that country with the Miocene beds of the Loire, 
Gironde, and Piedmont. The fossil remains subse- 
quently procured by that indefatigable observer M. 
Bou6 have served to show the stUl greater range of 
the same beds through Hungary and Transylvania. 

It appears from the recently published memoirs of 
Professor Sedgwick and Mr. Murchison f , that the 
formations of Styria may be divided into groups cor-* 
responding to those adopted by M. Partsch for the 
Vienna beds ; the basin of Styria exhibiting nearly the 
same phenomena as that of Vienna. These regions 
have evidently formed, during the Miocene period, 
two deep bays of the same sea, separated from each 
other by a great promontory connected with the cen- 
tral ridge of the eastern Alps. 

The English geologists above mentioned describe at 
long succession of marine strata intervening between 
the Alps and the plains of Hungary, which are divi- 

* Journal de Physique, Novembre, 1820. 

f Geol. Trans., Second Series, yol. iiL p. SOl. 
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sib)(»' into tiMee natural groups, each of vast thickness, 
ajodi affordiog a great. Yariety of rocks. All these 
groups are of marine origisy and lie in nearly horizontal 
s^ato) but have throughout a slight easterly dip ; so 
that in traversing them from west, to east, we com- 
ipence with the oldest, and end with the youngest 
beds. 

. At tb^ir western extremity they fill an irregulBr 
trough-shaped depression, through which the waters 
q£ the Mur, the Raab, and the Drave, make their way 
tp the lower Danube.* Here the first group is de- 
veloped, consi3ting of conglomerate, sandstone and 
niarls, some of the marls containing marine shells. 
Beds also of lignite occur, showing that wood was 
drifted down in large quantities into the sea. In parts 
of the series there are masses of rounded siliceous 
pebbles, resembling the shingle banks which are form- 
ing on some of our coasts. 

' The. second principal group is characterized by 
coralline and concretionary limestone of a yellowish 
white colour ; it is finely exposed in liie escarpments 
of Wildoo, and in the hills of Ehrenhausen, on the 
right hwk of the Mur. f This coralline limestCHie i» 
niOt les^ than 4rOO feet thick at Wildon, and exceeds, 
therefore, some of the most considerable of our secon- 
dary groups in England. :|: 

. Beds of sandstone, sand, and shale, and calcareous 
marls, are associated with the above?mentioned lime- 

s|pne« 

The> third group, which^occura ata.stillgreatec dia* 

tanoe firom the mountains, is composed of sandstone 

* Geol. Trans., Second Series,. toI: iii. p. 968. 
t Ibid.,, p. 385' t Ibul., p. 390. 
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asd. marJ^ and of beds of limestone, exUbiling liere 
and these a per£bctl;f oolitic structure. In tfaift i^rsteMi 
fossil shells, are numerous. . 

In regard, to. the age of the fbcmation» above de- 
scribed^ it is by no means clear that the coralline Urae- 
atonesi of the. second group are posteriov in origin to 
all the beds of the first division ; they may possibly, 
have beeui formed at some distance from land, while 
the head of the gulf was becoming filled up with 
enormous deposits of gravel, sand, and mud, whidK> 
may, in that quarter,, have rendeved the waters too 
turbid, for the fullest development of testaceous and 
coralline, animals. 

The middle group, both in the basins of Styria and 
Vieniia, bdongs indisputably to the Miocene period ; 
for the species of shells are the same as those of the 
Loire, Gironde, and other contemporary basins before 
noticed. Whether the lowest and uppermost systems 
are refi^rible to the same, or to distinct tertiaiy epochs, 
is die only question. We cannot doubt that the accu« 
xnulation of so vast a succession of beds required aa 
immense lapse of ages, and we should expect to find- 
some difference in the species characterizing the differ- 
ent members of the series; nevertherless, all may be- 
long to different subdivisions of the Miocene period* 
PVofessor Sedgwick and Mr. Murchison have suggested 
that the inferior, or first groups which comprises the 
strata between the Alps and the coralline limestone of 
Wildon, may correspond m age to the Paris basin ; but 
^e list o£ fossils which they have gifen seems rather 
to favour the supposition that the deposit is of the 
Miocene era. They mention four characteristic Migi- 
cene fossil^, — My tilus Brardii, Ceritbium pictum, C. 
pupseforme, and C. plicatum ; — and though, some fisw* 
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of the associated shells are common to the Paris basin, 
such a coincidence is no more than holds true in re- 
gard to all the European Miocene formations. 
■ On the other hand^ the third or newest system, 
which overlies the coralline limestone, contains fossfls 
which do not appear to depart so widely from the 
Miocene t3rpe as to authorize us to separate them. 
They appear to agree with the tertiary strata of a 
great part of Hungary and Transylvania, which are 
referrible to the Miocene period.* 

Volhy9iia and Podolia. — We may expect to find 
many other districts in Europe composed of Miocene 
strata ; and" there is already sufficient evidence that 
the mJEirine deposits of the platform of Volhynia and 
Podolia were of this era. The fossils of that region, 
which is bounded by Galicia on the west, and the 
Ukraine on the east, and comprises parts of the basins 
of the Bog and the Dneister, has been investigated bj 
Von Buch, Eichwald, and Du Bois ; and the latter has 
given excellent plates of more than one hundred fossil 
shells of the country, which M. Deshayes finds to agree 
decidedly with the fossils of the Miocene period, f 

The formation consists of sand and sandstone, clay, 
coarse limestone, and a white oolite, the last of which 
is of great extent. 

Mayence. — The tertiary strata near Mayence con- 
tain in abundance the My tilus Brardii, and several other 
characteristic Miocene fossils. They occupy a tract 
from five to twelve miles in breadth, extending along 
the left bank of the Rhine from Mayence to the neigh- 

* See tables of shells by M. Deshayes, in Appendix I. of the 
octavo edition. 

f Conch. Foss. du Plateau Wolhyni-Fodol., par F. da Bois. 
Berlin, 1881. 
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bourhood of Manheiin, and are again found to the east, 
north, and south-west of Frankfort. In some places 
they have the appearance of a fresh-water formation ; 
but in others, as at Alasey, the shells are for the most 
part marine. Cerithia are in great profusion, which 
indicates that the sea where the deposit was formed 
was fed by rivers ; and the great quantity of fossil land 
shells, chiefly of the genus Helix, confirm. the same 
opinion. The. variety in the. species of shells is small, 
scarcely eighty having yet been discovered, as I learn 
from Professor Bronn, of Heidelberg, while the indi- 
viduals are exceedingly numerous; a fact which accords 
perfectly with the idea that the formation may have 
originated in a gulf or sea, which, like the Baltic, was 
bracldsh in some parts and almost fresh in others. A 
species of Paludina, very nearly resembling the recent 
Littorina ulva, is. found throughout this basin. These 
shells may be compared in size to grains of rice, and 
often are in such quantity as to form almost entire 
strata of marl and limestone. I have seen them as 
thick as grains of sand, in stratified masses fifteen feet 
thick ; and Professor Bronn has observed a succession 
of beds thirty feet in thickness,^ of which they are the 
principal constituent. 

I was unable to find any natural sections which ex- 
hibited the relations of the Mayence strata above de- 
scribed to the sandy beds of Eppelsheim, wherein the 
new genus Deinotherium^ and the bones of the Mas- 
todon avernensis and other mamraifers, have been dis- 
covered. But I think it most probable that they all 
belong to the same era, and that the fresh-water beds 
of Georges Gemund, in Bavaria, as well as several 
other detached lacustrine groups of that country and. 
of Wurtemburg, may be referred to the Miocene period. 

VOL. IV. H 
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At Georges Gemtt&d, as ia Tourauie, wid find an asso- 
ciation ^ the genera Pak^oUieriuin» Maslodony and 
Rhinooeros. 

Osnatrwih,*^FtQm. thie fesstls wfaioh IMve seen in 
die oabineit of Count Munster at BayreUth^ I have little 
doubt that straita of the Miocene period lure Isurgelj 
developed bettreen the moiuiltains of the Teutobour- 
genriddaBd Wesecgebirge, induding the envdronsof 
Osnid^ruchy Miinster, Astrupp> and other {xlaces^ ^ 



147 



CHAPTER XVI. 



BUOOKNE rORHATIONS ALLUVIAL — FRESH- WATER 

VOLCANIC. 



Miopene alluviuns — Auvetgne — Mont Penier — Eztmct quad* 
rupeds — • Velgy — Orleanais — AlluTiums oontemporwieouft 
with Faluns of Touraine — Miocene fresh-water formations — 
Upper Val d*Amo — Extinct mammalia (p. 151.) — Coal of 
Cadibona^ Miocene volcanic rocks ^ Hongary ^ Transyl- 
vania -— Styria •— Auvergne ^- Velay. 

Is the present chi^ter I shall offer ^ome observations 
on the alluviums and fresh-water formations of the 
Miocene era, and shall afterwards point out the coun- 
trie^ in Europe where the volcanic rocks of the same 
period may be studied. 

JUkeene Alluviums. 

Auverg/ne. — The annexed drawing will explain the 
position of two ancient beds of alluvium, c and «, in 




PofUkm qf the Miocene aOmakms qfMmd Perrier {or Boulade). 

Descending series. 

a. Newer alluyium. b. Second trachytic breccia. 

c- Second Miocene alluvium with bones. 

d- First trachytic breccia. 

«. First Miocene aUuvium with hones. 

y Compact basalt. g. Eocene lacustrine strata. 

h2 
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Auyergne, in which the remains of seyera! quadrupeds 
characteristic of the Miocene period have been ob- 
tained. In order to account for the situation of these 
beds of rounded pebbles and sand, we must suppose 
that after the tertiary strata g^ covered by the basaltic 
lava f^ had been disturbed and exposed to aqueous 
denudation, a valley was excavated, wherein the allu- 
vium e was accumulated, and in which the remains of 
quadrupeds then inhabiting the country were buried. 
The trachy tic breccia d was then superiuiposed ; this 
breccia is an aggregate of shapeless and angular fh^* 
ments of trachyte, cemented by volcanic tuff and 
pumice, resembling some of the breccias which enter 
into the composition of the neighbouring extinct volcano 
of Mont Dor in Auvergne, or those which are found 
oti Etna. Upon this rests another alluvium, e, whicli 
also contains the bones of Miocene species, and this it 
covered by another enormous mass of tufaceous breccia. 
The breccias have probably resulted from the sudden 
rush of large bodies of water down the .sides of ao 
elevated volcano at its moments of eruption, perhaps 
when snow was melted by lava. Such floods occur in 
Iceland, sweeping away loose blocks of lava and ejec- 
tions surrounding the crater, and then strewing the 
plains with fragments of igneous rocks, enveloped io 
mud or << moya." The abrupt escarpment presented 
by the above-described beds, ^, c, d^ e, towards the 
valley of the Couze, must have been caused by subse- 
quent erosion, which has carried away a large portion 

of those masses.* 

I 

* For an account of the position and age of the volcanic brec- 
cias of Mont Perrier and Boulade, see Lyell and Mtuncbison <* 
the Beds of Moni Perrier, Ed. New PhU. Joum., July, 18l9i 
p. 15. 
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' In. the alluviums e and e, MM. Croizet, Jober^ 
Chabriol, and Bouillet have discovered the. remains 
of about fartj species of extinct mammalia, the greater 
part of which are peculiar as yet to this locality ; but 
some of them are characteristic of the Miocene period, 
being common to the faluns of Tourainey and asso- 
ciated in other localities with marine Miocene strata* 
Among these species may be enumerated Mastodon 
minor and M. arvernensisy Hippopotamus major, Rhino* 
ceros leptorhinus, and Tapir arvemensis. The Elephas 
primigenius, a species common to so many tertiary 
periods, is also stated to accompany the rest. In 
some cases the remains are not sufficiently character- 
istic to indicate the exact species, but the following 
genera canbe determined : — The boar, horse, ox, hyaena 
(two species), felis (three or four), bear (three), deer 
(many species), canis, otter, beaver, hare, and water- 
rat.* 

Vi^y. — In Velay a somewhat similar group of 
mammiferous remains were found by Dr. Hibbertf 
in a bed of volcanic scoriae and tuff, inclosed between 
two beds of basaltic lava, at Saint Privat d'Allier. 
Some of the bones were found adhering to the slaggy 
lava. Among the animals were Rhinoceros lepto- 
rhinus. Hyaena spelaea, and another species allied to 
the spotted hyaena of the Cape, together with four 
undetermined species of deer. :|: 

At Cussac and Solilhac, one league from PUy en 

* Recherches sur les Oss. Foss. du IMpL da Puy de Dome, 
4to. 1828. Esaai G6oh et.Miii^ral. sur les Eanrons d'Issoire, 
D^pt. du Fuy de Dome, folio, 1827. 

t Edin. Joura. of Sd., No. iv. New Series, p. 276. 

I Figures of some of these remains are given by M. Bertrand 
de Doue, Ann. de la Soc. d*Agricult. de Puy, 1828. 

H 3 
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Yelay, M. Robert discovered, in aa ancient aUuvium 
covered with lava, the remains of El^has primigeniDs, 
Rhinoceros leptorfainus, Tapir arvemensis, horse (two 
species), deer (seven species), ox (two species), .and 
an antelope. 

Orleanais^'^^^ln the Orleanais, at Avaraj, CheviUy, 
les Aides, and les Barres, fossil land quadrupeds have 
been found associated with fluviatUe shells and rep- 
tiles, identical with those found in the marine ftluns 
of Touraine.* These are supposed with great pro- 
bability, by M« Desnoyers, to mark the passi^ of 
streams which flowed towards the sea in which the 
faluns were deposited. They bear the same relatioa 
to the Miocene strata of Touraine, as the bones of 
elephants and other extinct animals, in the ancieiit 
gravel and silt of England, probably bear to -die crag. 

Miocene FreehrwaJUr FormaJdoM, 

Upper ValdSAmo* — There are a great number of 
isolated tertiary formations, of fresh«water origin, resting 
on primary and secondary rocks in different parts oif 
Europe, in the same manner as we now find small 
lakes scattered over our continents and islands, where- 
in deposits are forming, quite detached from all coo- 
temporary marine strata. To determine the a^e of 
such groups, with reference to the great chronological 
series established for the marine strata, must often be 
a matter of difficulty, since we cannot always enjoy an 
opportunity of studying a locality where the fresh- 
water species are intermixed with marine shells, or 
where they occur in beds alternating with marine 
strata. 

* MM. Desnoyers and Lockart, . Bulletin de 1« Soc GeoL, 
torn. ii« p. 336. 
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The deposit of the Upper Val d' Aim btfim «Ikid«d 
to (p. 71*X ^AB evidently ftnoed in an tnynei^t lake ; 
Imtf althcMig^ the dossil tettaceeuB 9mA mtaoim&snm 
remaine preservied therem are vefy nuiiieroua» H it 
soarcdj poeaible, at present, to decide with certaiAty 
the precise era to which thi^ bek»^ I collected 
six species of lacustrine ^eHi^ in an exoeUem stulo 
of preservation, from this besin, belonging to the ge- 
aesa Anodon, Plaliidini^ and Neritina ; but M« Deshayes 
was unaUe to identify i^y on^ of th^m with any 
veceot or fossil ipeden kaown to him. If the beds 
belonged to tho Older Pliocene formations, we might 
expect tibat sereral of the fossil^ would agree specifi- 
caHy with liTiBg testfusea; and I ain therefore disposed 
to beheye that they belong to an (4der epoch. I£ we 
consider the terrestrial mammalia of the same beds, 
we immediately perceive that they cannot be assimi- 
lated to the Eocene type, as exhibited in the Paris 
basin, or in Auvergne and Velay : but some of them 
agree with Miocene species* Mr. Pentland has 
obl%ingly sent me the fbllowipg list of the fossil 
mafpntifbrs of the upper Val d'Arno which are in the 
museoms of Paris*— -t-Ar^ — Ui^us qultridens, Vi- 
verraValdarnensis, Canis lupus (?), and another of the 
siee of the common Ibx. Hyaepa radtata, H. fossilis. 
Felis (a new species, of the size of the panther). Bo- 
denOa — Histrix, nearly allied to dorsalis, Castor. 
Paohfderma/la — Elephas ItaliQUSy Mastodon angusti- 

densy M. Taperoides, Tapir » Equus — . — , Sus 

scrofi^ Rhinoceros leptorhinus, Hippopotamus major, 
fossilis. jRtfmmon^ — Cervus megaceroa. (?), C. Val- 

darnensis, C. (new species), Soa* buh9lo aff nis, 

B. urus and B. taurus, 

Cuvier also mentions the remains of a species of 

H 4< 
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l<^hiodon as occurriog among the bones io the Ujqter 
Val d'Arno.* The elepkant of this place has been 
called 'by Nesti f Meridumaiu, and u congidered b; 
him as diitinct from the Siberian fossil species E.pri- 
ntigmiui, with which, however, some eminent com- 
parative anatomists regard it as identical. The skele- 
tons of the hippopotamus are exceedingly abundant; 
no less than forty had been 
procured when I visited Flo- 
rence in 1828. Remains of 
the elephant, stag, ox, and 
horse, are also extremely nu- 
merous. In winter the super- 
ficial degradation of the soil 
is so rapid, that bones which 
. the year before were buried 
are seen to project from the 
I I S sur&ce of the soil, aad an 
> J B li described by tbe peasants as 
~ 8 manner the 
f stags, or 
I s" — g u> uic luau u/ hippopota- 
^ I -^ I muses, often appear oa the 
' k I g surface, and thus lead to the 
B I -o discovery of an entire head 
5 ^ u or skeleton. 
^ I "I Cadibona, — Another ex- 
1 i| G ample of an isolated lacus- 
I u -d trine deposit, belonging pos- 
'^ sibly to the Miocene p^iod, 

is that which occurs at Cadi- 
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1 ^ o i' gracing. In this man 

I :§ ^ ^ tips of the horns of s 

5 2- I of the tusks of hip 



* Oa*.Fo>9., vol. V. p. 504. 
t Lattereiopn alcDoe Ou> Fooili del V«l d'Am 
1SS5. 
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boDa» between Savona and Carcare^ a place which I 
visited in August, 1828, in company with Mr. Mnrcfai- 
son. Its position is described in the annexed section, 
which does not, however, pretend to accuracy in regard 
to the relative heights of the difPerent rocks, or the 
distances of the places from each other. The lacus- 
trine strata are composed of gravel, grit, and micaceous 
sandstone, of such materials as were derivable from 
the surrounding primary rocks; and so great is the 
thickness of this mass, that some valle3rs intersect it 
to the depth of seven or eight hundred feet without 
penetrating to the subjacent formations. In one part 
of the series, carbonaceous shales occur, and several 
seams of coal from two to six feet in thickness ; but 
no impressions of plants of which the species could be 
determined, and no shells have been discovered. Many 
entire jaws and other bones of an extinct mammifer, 
called by Cuvier Anthracotherium^ have been found 
in the coal-beds, the bone being itself changed into a 
kind of coal ; but as this species has not as yet occurred 
elsewhere in association with organic remains of known 
date, it affords us no aid when we attempt to assign a 
place to the lignites of Cadibona. 

Miocene Volcanic Rocks. 

Hungary. — M. Beudant, in his elaborate work on 
Hungary, describes five distinct groups of volcanic 
rocks, which, although nowhere of great extent, form 
striking features in the physical geography of that 
country, rising as they do abruptly from extensive 
plains composed of tertiary strata. They may have 
constituted islands in the ancient sea, as Santorin and 
Milo now do in the Grecian Archipelago; and M. Beu- 

H 5 
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dant has remarked that the mineral products of the 
last-mentioned islancb resemble remarkably those of 
the Hungarian extinct Yolcanosi where many of the 
same minerals, as opal» calcedony, resinous silex (dkx 
resmUe)y {>earlite, obsidian, and pttchstone abound. 
* The Hungarian lavas are chiefly felspathic, con- 
sisting of diflerent varieties of trachyte; nuuny are 
cellular, and used as millstones ; some so porous and 
even scoriform as to resemble those which have issued 
in the open air. Pumice occurs in great quantity ; and 
there are conglomerates, or rather breccias, wherein 
fragments of trachyte are bound together by pumiceous 
tuff, or sometimes by silex. 

It is probable that these rocJcs were permeated by 
the waters of hot springs, impregnated, like the Gey- 
sers, with silica ; or, in some instances, perhaps, by 
aqueous vapours, which, like those of Lancerote, may 
have precipitated hydrate of silica.* 

By the influence of such springs or vapours the 
trunks and branches of trees washed down during 
floods, and buried in tuffs on the flanks of the moun- 
tains, may have become silicified. It is scarcely pos- 
sible, says M. Beudant, to dig into any of the pumiceous 
deposits of these mountains without meeting with 
opalized wood, and sometimes entire silicified trunks 
of trees of great size and weight. 

It appears from the species of shells collected prin- 
cipally by M. Bou6, and examined by M. Deabayes, 
that the fossil remains imbedded in the volcanic tuffs, 
and in strata alternating with them in Hungary, are 
of the Miocene type, and not identical, as was formerly 
supposed, with the fossils of the Paris basin. 

•See Vol. II. p. 195. 
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Transylvania. — The igneous rocks of the eastern 
part of Transylvania, described by M. Bou6, are pro- 
bably of the same age. They cover a considerable 
area, and bear a close resemblance to the Hungarian 
lavas, being chiefly trachytic. Several large craters, 
containing shallow lakes, like the Maars of the Eifel, 
are met with in some regions ; and a rent in the tra- 
chytic mooBtainsof Budosha^exhales hot sulphureous 
vapours, which convert the trachyte into alum-stone, 
a change which that rock has undergone at remote 
periods in several parts of Hungary. 

iSl^yria.T— Many Qf the volcanic groups of this county 
bear a similar relation to the S^yria^ tJ^vtif^ deposits, 
as do the Hungarian rocks to the Baarine strata of that 
country. The shells are found imbedded in the vol- 
canic tuffs in such a manner as to show that they lived 
in the sea when the volcanic eruptions were in progress, 
as many of the Val di Noto kvas in Sieily, before dep 
scribed, were shown to be Qontemponuiemia with 
New€r Pliocaie strata.* 

jiuvergme^^ Vela^.-rrrl beEevie that pnt of the volca- 
nic eruptions of Auvergne took ^oe during llie Mio- 
cene period ; those, for example, which cover, or are 
interstratified with, the alluviums mentioned in this 
cluster, and some of the ancient basaltic eappings of 
hiUs in Auvergne, which repose on gravel characterioed 
by similar organic remains. A part also of the igneous 
rocks of Velay mast belong to this epoch ; but these 
will be again referred to when I treat more fully of 
the volcanic rocks of Central France, the older part 
of which are referrible to the Eocene period. 

* Sedgwick and Murchison, Geol. Trans., Second Series, voLiii. 
p. 400. Daubeny, Extinct Volcanos, p. d2. 
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CHAPTER XVII. 

BOOBNB FRB8H-WATBR FORMATIONS. 

Bocene period — Freah^waterformatioiu— > Central France— Map 
-~ Limagne d' Auvergne — Sandstone and conglomerate -» Ter- 
tiary red marl and red sandstone — Green and white foliated 
marls (p. 1 62.) — Indusial limestone — Gypseous marls — Tra- 
vertin — F^h-water formation of Pay en Velay (p. 170.) — 
Of Cantal — > Resemblance of Aurillac limestone and flints to 
our upper chalk — Concluding remarks. 

,We have now traced back the history of the European 
formations to that period when the seas and lakes were 
inhabited by testacea, of which a fbw only belonged 
to species now existing, a period which I have de- 
signated Bocenej as indicating the dawn of the present 
state of the animate creation. But although a small 
number only of the living species of animals were then 
in being, there are ample grounds for inferring that all 
the great classes of the animal kingdom, such as tbej 
now exist, were then fully represented. In regard to 
the testacea, indeed, it is no longer a matter of infer- 
ence ; for more than 1200 species of this class have 
been obtained from that small number of detached 
Eocene deposits which have hitherto been examined 
in Europe. 

The celebrated Paris basin, the position of which 
was pointed out in the former part of this book (see 
wood-cut, Vol. III. p. 354.), first presents itself, and 
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seems to claim our chief attention when we examine 
the phenomena of this era. But in order the more 
easiJj to explain the peculiar nature and origin of that 
group, it will be desirable, first, to give a brief sketch 
of certain deposits of Central France, which afford 
many interesting points of analogy to that of Paris, 
both in organic remains and mineral composition, and 
where the original circumstances under which the 
strata were accumulated may more easily be dis- 
cerned. 

Auvergne. — The deposits alluded to, which I ex- 
amined in the summer of 1828, in company with Mr. 
Murchison, are those of the lacustrine basins of Au- 
vergne, Cantal, and Velay, and their sites may be seen 
in the annexed Map. They appear to be the monu- 
ments of ancient lakes, which may have resembled in 
geographical distribution some of those now existing in 
Switzerland, and may like them have occupied the de- 
pressions in a mountainous country, and have been 
each fed by one or more rivers and torrents. The 
country where they occur is almost entirely composed 
of granite and different varieties of granitic schist, with 
here and there a few patches of secondary strata much 
dislocated, and which have probably suffered great de- 
nudation. There are also some vast piles of volcanic 
matter (see the Map), the greater part of which is 
newer than the fresh- water strata, and is sometimes 
seen to rest upon them, whilst a small part has evidently 
been of contemporaneous origin. Of these igneous 
rocks I shall treat more particularly in the nineteenth 
chapter, and shall now speak only of the lacustrine 
beds* 

The most northern of the fresh-water groups is situ- 
ated in the valley-plain of the AUier, which lies within 
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* 

vated oountrjr; namely, granite, gneiss, mica-schist, 
clay*slate, porphyry, and others. But the arenaceous 
strata do not form one continuous band around the 
margin of the basin, being rather disposed like the in- 
dependent deltas which grow at the mouths of tor- 
rents along the borders of existing lakes. * 

At Chamalieres, near Clermont, we have an ex- 
ample of one of these littoral groups of local extent, 
where the pebbly beds slope away from the gpranite as 
if they had formed a talus beneath the waters of the 
lake near the steep shore. A section of about ^hj 
feet in vertical height has been laid open by a torrent, 
and the pebbles are seen to consist throughout of 
rounded and angular fragments of granite, quarts, pri- 
mary slate, and red sandstone; but without any inter- 
mixture of those volcanic rocks which now abound 
in the neighbourhood. Partial layers of lignite and 
pieces of wood are found in these beds, but no shells ; 
a fact which probably indicates that testacea could 
not live where the turbid waters of a stream were 
frequently hurrying down uprooted trees, together 
with sand and pebbles, or, that if they existed, they 
were triturated by the transported rocks. 

There are other localities on the margin of the 
basin where quartzose grits are found, composed of 
white sand bound together by a siliceous cement. 

Occasionally, when the grits rest on granite, as at 
Chamalieres before mentioned, and many other places, 
the separate crystals of quartz, mica, and felspar, of 
the disintegrated granite, are bound together again by 
the silex, so that the granite seems regenerated in a 
new and even more solid form ; and thus so gradual a 

* See book ii. chap. t. 
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the department of the Puy de Dome, being the tract 
which went formerly by the !name of the Limagne 
d'Auvergne. It is inclosed by two parallel primitive 
rangeS) — that of the For^z, which divides the waters 
of the Loire and AUier, on the east ; and that of the 
Monts Domesy which separates the AUier from the 
Sioule, on the west.* The average breadth of this 
tract is about twenty miles; and it is for the most part 
composed of nearly horizontal strata of sand, sandstone^ 
calcareous marl, clay» and limestone, none of which 
observe a fixed and invariable order of superposition. 
The ancient borders of the lake wherein the fresli- 
water strata were accumulated, may generally be 
traced with precision, the granite and other ancient 
rocks rising up boldly from the level country. The 
precise junction, however, of the lacustrine and granitic 
beds is rarely seen, as a iBmall valley usually intervenes 
between them. The fresh-water strata may sometimes 
be seen to retain their horizontality within a very 
slight distance of the border-rocks, while in some 
places they are inclined, and in a few instances ver- 
ticaL The principal divisions into which the. lacns* 
trine series may be separated are the f<^wing:^-^l$tt 
Sandstone, grit, and congl<»nerate, including red marl 
and red sandstone. 2dly« Green and white foliated 
marls. Sdly, Limestone or travertm« oolite. 4th)y, 
Gypseous marls. 

1. a. Sandstone and conglamerate.'^Sitrata of sand 
and gravel, sometimes bound together into a solid rock, 
are found in great abundance around the confines of 
the lacustrine basin, containing, in different places, 
pebbles of all the ancient rocks of the adjoining ele* 

* Scrape, Geology of Central France, p. 15* 
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devived from the d^iradatioii of gneiss Mid Baieaf sdkist, 
which are seen msUu on the adjoining hUls^ decompos- 
ing into a soil very aimilaf to tiliie tertiary red aand aad 
marL We also find pefabks of gneissy mica-schii^ and 
quarts^ in the coarser sfta^atones of this group,, ckady 
pointing to the parent vocks ftom which the aand and 
marl were derived. The red beds^ aMough destitute 
themsebres of oi^anic remains, pass upwards int& strata 
containing Eocene fossils, and are certainty an inte^ 
part of the lacustrine formation^ 

2. 6rem and white foliated vmrk^-^A. great portion 
of what we term clay in ordinary )anguag<e eoiisists of 
the same materials as sand, but the component parti 
are in a finer state of subdivision. The same primary 
rooks, therefiN*e, of Auvergne whicb, by the partud 
degradation of their harder parts, gave rise to the 
quartzQse grits and conglomerates before mentionedi 
would, by the reduction of the same material into 
powder, and by the decomposition of their felspar, mics, 
and hornblende, produce aluminous clay ; and» if ft suf- 
ficient quantity of carbonate of lime was present, cal- 
careous marL This fine sediment would naturally be 
carried out to a greater distance from the shore, aa are 
the various finer marls now deposited in Lake Sqperior.* 
And, as in the American lake, shingle and sand are 
annually amassed near the northern shores, so in Au- 
veigne the grits and conglomerates before, mentioned 
were evidently formed near the borders. 

The entire thickness of these marls is unknown ; but 
it certainly exceeds, in some places, seven hundred 
feet They are fi)r the most part either light-green or 
white, and usually calcareous. They are thinly fol- 

• See Vol. I. p. 340. 
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iated,— a cbaiacter which frequen^ arun horn tk* 
inaiimeraUe thin platei «r Mcaiet of that nwU muemI 
called CfprUj a genus wbtdi compriKs lerenlipaciM, 
of which some are recent, and may be seeii swimiaing 
swiftly through the waters of out stagnant pools and 
ditches. The antenme at the end of wluch are fine 
Kg. isi. 




SnJfled. giattjmtgi" 

a- Upper part. 

pencils of hair, are the principal organs for swimming, 
and are moved with great rajiidity. This animd 
resides within two small valves not unlike those of 
a bivalve shell, and moults its iut^uments amuudly, 
which the concbiferous moUuscs do not. This cet- 
cunutance may partly explain the countless myriada 
of the shells of cypris which were ahed in the Eocene 
lakes, BO as to give rise to divisions in the marl as 
thin as paper, and that too in stratified masses several 
hundred feet thick. A more convincing proof of the 
tranqailtity and clearness of the waters, and of the 
slow and gradual jwocesa by which the lake was filled 
up with tine mud, cannot be desired. But we may 

* See Demureit'i CruMscts, ^ate 95. 
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efisily suppose that, while this fine secBment was 
thrown down in the deep and central parts of the 
basin, gravel) sand, and rocky fragments were hurried 
into the lake near the shore, and formed the group 
described in the preceding section. 

Not far from Clermont,, the green marls, containing 
the cjpris in abundance, approach to within a few yards 

Fig. 123. 




Vertical strata qf marl near Clermont. 

A. Granite. B. Space of sixty feet, in which no section is seen. 
C. Green marl, vertical and inclined. D. White marl. 

of the granite which forms the borders of the basin. 
The annexed section occurs at Champradelle, in a 
small ravine north of La petite Baraque, and above the 
bridge. 

The occurrence of these marls so near the ancient 
margin may be explained by considering that, at the 
bottom of the ancient lake, no coarse ingredients were 
deposited in spaces intermediate between the points 
where rivers and torrents entered, but finer mud onlj 
was drifted there by currents. The verticaliiy oi some 
of the beds in the above section bears testimony to 
considerable local disturbance subsequent to the de- 
position of the marls ; but such inclined and vertical 
strata are very rare. 

3. Limestone^ travertin^ oolite, — Both the preceding 
members of the lacustrine deposit, the marls and grits, 
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pass occasioDally into limestone. Sometimes onlr 
concretionary nodules abound in them ; but these, 
where there is an increase in the quantity of cal- 
careous matter, unite, as already noticed (p. 161.), into 
regular beds. 

On each side of the basin of the Limagne, both on 
the west at Gannat, and on the east at Vichy, a white 
oolitic limestone is quarried. At Vichy, the oolite re- 
sembles our Bath stone in appearance and beauty, 
and,i]ke it, is soft when first taken from the quarry, 
but soon hard^[is on exposure to the air. At Gannat, 
the stone contains land-shells and bones of quadru- 
peds, resembling those of the Paris gypsum. In 
several places in the neighbourhood of Gannat, at 
Marculot among others, this stone is divided by layers 
of clay. 

At Chadrat, in die hill of La Serre, the limestone is 
pisolitic, and in this and other respects resembles the 
travertin, of Tivoli. It presents the same combination 
of a radiated and concentric structure, and the coats 
of the different spheroids have the same undulating 
surface.* 

Jndtuial limesione. — There is another remarkable 
form of fresh-water limestone in Auvergne, called ** in- 
dusial," from the cases, or indtma, of the larvse of 
Phryganea, great heaps of which have been encrusted, 
as they lay, by carbonate of lime, and formed into a 
hard travertin. Several beds of this rock, either in 
continuous masses, or in concretionary nodules,are seen 
superimposed one upon another, with layers of marl in^ 
terposed. We may often observe in our ponds some 
of the living species of this kind of insect, covered with 

• See Fig. 9. Vol. I. p. 319. 
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finaU freab-mlef sheUfl, wbicfa tiny bare the pcnrer of 
fixii^ to the outside of their tubular caeea, in order, 
probably, to give them wei^t and strengUi. 

The indmdud figured b 
the annexed cut, vfaicfa be- 
longs tea species very abnn- 
daot in £nriatidt haa hap , 
pened to cover its case 
with abella of a small JE^mi- 
orbis. Ltthe«ameniainier,i 
Ui^ species irhich awaraied 
in the Eocene lakes of Auve^ne was aociutonied to 
attach to its dirdling the shells of a sinaU spiral uni- 
valve of the genus PahtdiHa. A hundred of these 
minute shells are aonwCiaies seen anonged around erne 
tube, part of the central cavity of which is often 
empty, the rest b^i^ filled up with thin concentric 
layers of travertin. The cases have been thrown 
together confusedly, and often lie, as in fig. 125^ st 
right aoglea one to the odttr. When sre ctmsidet 
that ten or twelve lubes are packed within the com- 
pass of a cubic inch, and that some single strata of thit 

Hg. 125. 
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lifnestone ttre six feet thick, and may be Uaoed over a 
considerable area, we may form tome idea ^ the count* 
less number of insects and moUusca which contribute4 
their integuments and dieUs to tsompose this singularly 
constructed rock. It is tmnecessary to suppose that 
the Phryganeee lived on the spots where their cases 
are now found ; they may have multiplied in the shal- 
lows near the margin of the lake, or in the sireams by 
whidi it was fed, and their buoyant cases may have 
been drifted by a current far into the deep water.* 

The calcareous strata of tibe Limagne, like Uie other 
members of this lacustrine ^^rmation, are for the most 
part hiamontal, or inclined at a very sli^t angle, but 
imtanoes of local dislocation are sometimes obaenraUe. 
At Ae town of Vichy, fer example, in an ancient 
qneorry behind the convent of Celestines, the strata 
dip at an angle of between thirty aad forty degrees ; 
and near die hot spring at the same place, the beds 
of limestone are seen, in one part of the section, in«- 
dined >at an Hn^e of «^ty de^greesi and in another 
vefttical. 

4. G$/pte(mg fnoHs.--^ Morfe then fifty feet of thinly 
laminated gypseous marls, exacdy resembling those in 
the hiM of Montmartre, at Paris, are worked for g3rpsum 
at Su Romain, on the r^ht bank of the Allier. They 
rest on a series of green cypriferous marls which 
alternate with grit, the untied thickness of this infenor 
group being seen, in a vertical «ecti<Hi on the banks of 
tJgte river, to exceed 250 feet. 

Qaural arranffemeai and origin of ih» frnk^wttkr 

^/ijrmttiions of AucerynB^^ — Theffeladons of the4i&rent 

^onps above described oanncft be learnt 1^ the study 

'* l^or remarks on the floating of empty land shells t>y tiveiK, 
see p. 47., and Vol. III. p. S82. 
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of any one section, and' the ge<^ogi8t who sets out with 
the expectation of finding a fixed order of succession 
may perhaps complain that the different parts of the 
baisin give contradictory results. The arenaceous di- 
vision (1. p. 159.), the marls (2. p. 162.), and the lime- 
stone (3. p. 164>.), may all be seen in some places to 
alternate with each other ; yet it can by no means be 
afiirmed that there is no order of. arrangement. The 
sands, sandstone, and conglomerate, constitute in ge- 
neral a littoral group; the foliated white and green 
marls, a contemporaneous central deposit; and the 
limestone is for the most part subordinate to the 
newer portions of both. The uppermost marls and 
sands are more calcareous than the lower; and we 
never meet with calcareous rocks covered by a ccm- 
siderable thickness of quartzose sand or green marl 
From the resemblance of the Eocene limestones of 
Auvergne to the Italian travertins, we may conclude 
that' they were derived from the waters of mineral 
springs, — sucdi springs as now. exist in Auvei^e, and 
whidh, rising up through the granite, precipitate tra- 
vertin. They are sometimes thermalvbut this charac- 
ter is by no means constant. 

It seems that, when the ancient lake of the Li- 
magne first began to be filled with sediment, no vol- 
canic action had yet produced lava and scoriae on anj 
part of the surface of Auvergne. No pebbles, there- 
fore, of lava were transported into • the lake, — no 
fragments of volcanic rocks imbedded in the con^o- 
merate. But at a later period, when a considerid>le 
thickness of sandstone and marl had accumulated, 
eruptions broke- out, and lava and tuff were deposited, 
at some spots, alternately with the lacustrine strata. 
Proofs of this will be given in the 19th chapter. It is 
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not improbable that cold and thermal springs, holding 
different mineral ingredients in solution, became more 
numerous during the successive convulsions attending 
this development of volcanic agency, and thus deposits 
of carbonate and sulphate of lime, silex, and other 
minerals, were produced. Hence these minerals pre* 
dominate in the uppermost strata. The subterranean 
movements may then have continued until they altered 
the relative levels of the country and caused the waters 
of the lakes to be drained off, and the farther accumu- 
lation of regular fresh-water strata to cease. The oc- 
currence of these convulsions anterior to the Miocene 
epoch, and their continuance during a succession of 
after-ages, may explain why no fresh-water formations 
more recent than the Eocene are now found in this 
country. 

We may easily conceive a similar series of events 
to give rise to analogous results in any modern basin, 
such as that of Lake Superior, for example, where 
numerous rivers and torrents are carrying down the 
detritus of a chain of mountains into the lake. The 
transported materials must be arranged according to 
their size and weight, the coarser near the shore, the 
finer at a greater distance from land; but in the 
gravelly and sandy beds of Lake Superior no pebbles 
of modem volcanic rocks can be included, since there 
are none of these at present in the district. If igneous 
action should break out in that country and produce 
lava, scoriae, and thermal springs, the deposition of 
gravely sand, and marl might still continue as before; 
but in addition, there would then be an intermixture 
of volcanic gravel and tuff, and of rocks precipitated 
from the waters of mineral springs. 

Although the fresh- water strata of theLimagne ap- 

VOL. IV. I 
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proach generally to a horizontal position, the proofs of 
local disturbance are sufficiently numerous and vident 
to allow us to suppose great changes of level since die 
£6cene period. We are unable to assign a nortbeni 
barrier to the ancient lake, although we can still trace 
its limits to the east, west, and south, where they were 
formed of bold granitic eminences. But we need not 
be surprised at our inability to restore the physical 
geography of the country after so great a series of vol- 
canic eruptions ; for it is by no means improbable that 
one part of it may have been moved upwards bodily, 
while others remained at rest, or even suffered a move- 
ment of depression. 

Puy en Velay. --^In the department of the Haute 
Loire, a fresh-water formation, very analogous to that 
of Auvergne, is situated in the basin of the Loire, and 
is exposed in the valley in which stands the town ot 
Le Puy. Since the deposition of the lacustrine strati, 
there have been so many volcanic eruptions in this 
country, and such immense quantities of lava and 
scoriae have been poured out upon the surface, that 
the aqueous rocks are almost buried and concealed. 
But we are indebted to the researches of M. Bertrasd 
de Doue, for having distinctly ascertained the succes- 
sion of strata, and I have myself had opportunities of 
verifying his observations during a visit to Le Puy. 

In this basin we find, as in Auvergne, two great 
divisions, consisting of grits and maris ; the former 
composed of quartzose grit, in some places resembling 
gruiite, and of reddish and mottled sands and conglo- 
merates. All these were evidently derived from the 
degradation of granitic rocks, and are very like the 
arenaceous group of the Limagne before described. 
They are almost confined to the borders of the basiO) 
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and were evidently a littoral deposit. The other 
member of the formation, the marlsy are more or less 
calcareous, and are associated with limestone and 
gypsum, which last exactly resembles that of Paris, 
and is worked for agricultural uses. 

The analogy in the mineral character of the Velay 
and Paris basins is rendered more complete by the 
presence in both of silex in regular beds. In the 
limestone I found gyrogonites, or aeeds of the Chara, 
of the same species as those most common in the 
Paris basin; and M. Bertrand de Doue has discovered 
the bones of several mammiferous animals of the same 
genera as those which characterize the basins of Au- 
vergne and Paris.* The species of shells also of this 
formation are the same as those of Eocene formation* 
in other parts of France. , 

The sand and conglomerate of the fresh-water basin 
o€ Velay are entirely free from volcanic pebbles, agree- 
ing in this respect with the analogous group of the 
Limagne ; but the fact is the more striking in Velay, 
because the masses of trachyte, clinkstone, and other 
Igneous rocks now abounding in that country, have an 
aspect of very high antiquity, and constitute a most 
prominent feature in the geological structure of the 
district. Yet the non-intermi3(ture of volcanic pro* 
ducts with the lacustrine sediment, is just what we 
should expect when we have ascertained that the im- 
bedded organic remains oi those strata are Eocene^ 
whereas the lavas belong in part, if not entirely, to the 
IVfiocene period.f 

CaniaL — Near Aorillac, in Cantal, another series 
of fresh-water strata occurs, which resembles, in lat* 

* Descrip. G^gnos. des Env. du Puy en Velay, 1823. 
f See p. 149., and chap, lixi 
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neral character and organic remains, those of Auvergne 
and Velay ahready described. The leading feature of 
this group, as distinguished from the two former, is 
the immense abundance of silex associated with the 
calcareous marls and limestone, which last constitute, 
like the limestone of Auvergne, an upper member of 
the fresh-water series. 

The formations of the Cantal may be divided into 
two groups, the lower composed of gravel, sand, and 
clay, such as might have been derived from the wear- 
ing down and decomposition of the granitic schists of 
the surrounding country; the upper system consisting 
of siliceous and calcareous marls, contains subordinate)/ 
gypsum, silex, and limestone — deposits such as the 
waters of springs charged with carbonate and sulphate 
of lime, and with silica, may have produced. 

Fresh-water limestone andJUfUs resembling ehaOL-- 
To the English geologist, the most interesting feature 
in the Cantal is the resemblance of the fresh-water 
limestone, and its accompanying flint, to our upper 
chalk ; a resemblance which (like that of the red sand- 
stone of Auvergne to our secondary << new red " ) is 
the more important, as being calculated to put the 
student upon his guard against relying too implicitly 
on lithological characters as tests of the relative ages 
of rocks. When we approach Aurillac from the west, 
we pass over great heathy plains, where the sterile 
mica-schist is barely covered with vegetation. Near 
Ytrac, and between La Capelle and Viscamp, we find 
the surface strewed over |vith loose broken flints, some 
of them black in the interior, but with a white extemai 
coating ; others stained with tints of yellow and red, 
and in appearance precisely like the flint gravel of our 
chalk districts. When heaps of this gravel have thus 
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announced our approach to a new formation, we arrive 
at length at the escarpment of the lacustrine beds. At 
the bottom of the hill which rises before us, we see 
strata of clay and sand resting on mica-schist; and 
above, in the quarries of Belbet, Leybros, and Bruel, 
a white limestone, in horizontal strata, the surface of 
which has been hollowed out into irregular furrows, 
since filled up with broken flint, marl, and dark v^e-. 
table mould. In these cavities we recognize an exact 
counterpart to those which are so numerous on the 
furrowed surface of our own white chalk. Advancing 
from these quarries, along a road made of the white 
limestone, which reflects as glaring a light in the sun, 
as do our roads composed of chalk, we reach, at length, 
in the neighbourhood of Aurillac, hills of limestone and 
calcareous marl, in horizontal strata, separated in some 
places by regular layers of flint in nodules, the coat- 
ing of. each nodule being of an opaque white colour, 
like the exterior of the flinty nodules of our chalk. 
This hard white substance has been ascertained in 
England to consist, in some instances, wholly of sili- 
ceous matter, and sometimes to contain a small admix- 
ture of carbonate of lime*, and the analysis of the 
similar rocks in the Cantal would probably give the 
same results. The Aurillac flints have precisely the 
appearance of having separated from their matrix after 
the siliceous and calcareous matter had been blended 
together. The calcareous marl sometimes occupies 
(mall sinuous cavities in the flint; and the siliceous 
lodule, when detached, is often as irregular in form as 
hose found in our chalk. 
By what means, then, can the geologist at once^ 

• Phillips, Geol. Trans. First Series vol. v. p. 22. — Outlines 
if Geology, p. 95. 
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decide that the limestone and silex of Aurillac are 
referrible to an epoch entirely distinct from that of 
the English ehalk? It is not by reference to position; 
for we can merely say of the lacustrine beds, as we 
should have been able to declare of tlie true chalk had 
it been present, that they overlie the granitic rocks of 
this part of France. It is from the organic remains 
only that we are able to pronounce the formation to 
belong to the Eocene tertiary period. Instead of the 
marine Alcyonia of our cretaceous system, the silid- 
fied seed-vessels of the Chara, a plant which grows at 
the bottom of lakes, abound in the flints of Aurillac 
both in those which are in situ and those forming the 
^avel. Instead of the Echini and marine testacea of 
the chalk, we find in these marls and limestones the 
shells of the Pianorbis, and other lacustrine testacea, 
all of them, like the gyrogonites, agreeing specificallj 
with species of the Eocene type. 

Proofs of the gradual deposition of marl. — Some 
sections of the foliated marls in the valley of the Cer, 
near Aurillac, attest, in the most unequivocal manner, 
the extreme slowness with which the materials of the 
lacustrine series were amassed. In the hill of Barrat, 
for example, we find an assemblage of calcareous and 
siliceous marls, in which, for a depth of at least sixty 
feet, the layers are so thin that thirty are sometimes 
contained in the thickness of an inch ; and when they 
are separated we see preserved in every one of them 
the flattened stems of Charae, or other plants, or some- 
times myriads of small paludime and other fresh-water 
shells. These minute foliations of the marl resemble 
precisely some of the recent laminated beds of the 
Scotch marl lakes, and may be compared to the pages 
of a book, each containing a history of a certain period 
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of the past. The different layers may be grouped 
together in beds from a foot to a foot and a half in 
thickness, which are distinguished by differences of 
composition and colour, the tints being white, green, 
and brown. Occasionally there is a parting layer of 
pure flint, or of black carbonaceous vegetable matter, 
about an inch thick, or of white pulverulent marl. 
We find several hills in tlie neighbourhood of Aurillac 
composed of such materials for the height of more 
than 200 feet from their base, the whole sometimes 
covered by rocky currents of trachytic or basaltic 
lava.* 

Thus wonderfully minute are the separate parts 
of which some of the most massive geological menu- 
ments are made up ! Wlien we desire to classify, 
it is necessary to contemplate entire groups of strata 
in the aggregate; but if we wish to understand 
the mode of their formation, and to explain their 
origin, we must think only of the minute subdi- 
visions of which each mass is composed. We must 
bear in mind how many thin leaf like seams of matter, 
each containing the remains of myriads of testacea 
and plants, frequently enter into the composition of a 
single stratum, and how vast a succession of these 
strata unite to form a single group I We must re- 
member also, that volcanos like the Plomb du Cantal, 
which rises in the immediate neighbourhood of Au- 
rillac, are themselves equally the result of succes- 
sive accumulation, consisting of reiterated flows of 
lava and showers of scorise ; and I have shown, when 
treating of the high antiquity of Etna, how many dis- 

* Lyell and Murchison, sur les Depots Lacust. Tertiaires du 
Cantal, &c Ann* des Sci. Nat., Oct. 1829. 

I 4 
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tinct laya-currents and heaps of ejected substances 
are required to make up one of the numerous conical 
envelopes whereof a volcano is composed. — Lastly, 
we must not forget that continents and mountain- 
chains, colossal as are their dimensions, are nothing 
more than an assemblage of manj such igneous and 
aqueous groups, formed in successicm during* an 
indefinite lapse of ages> and superimposed upon eadi 
other. 
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CHAPTER XVIII. 

EOCENE FORMATIONS — PABIS BASIN. 

Manne Eocene strata — Paris basin how far analogous to deposits 
o( Central France — Connexion of Auvergne and Paris basins 
— Groups in Paris basin — Observations of M. C. Prevost — 
Contemporaneous marine and fresh-water strata — * Abundance 
of Cerithia (p. ] 82. ) — ■ Upper marine formation — All the 
Parisian groups Eocene — Microscopic shells (p. 189. ) — Bones 
of quadrupeds in gypsum — Strata with and without organic 
i^nnains alternating — Extent of our knowledge of the 
physical geography, fauna, and flora of the Eocene period — 
Concluding remarks. 

The geologist who has studied the lacustrine form- 
ations described in the last chapter cannot enter the 
tract usually termed " the Paris Basin " without im- 
Diediately recognizing a great variety of rocks with 
^hich his eye has already become familiar. The green 
and white maris of Auvergne, Cantal, and Velay, 
again present themselves, together with limestonies and 
quartzose grits, siliceous and gypseous marls, nodules 
aiid layers of flint, and saccharoid gypsum ; lastly, in 
addition to all this identity of mineral character, he 
^nds an assemblage of the same species of fos&fl ani- 
njals and plants. 

When we consider the geographical proximity of 
^ne two districts, we are the more prepared to ascribe 
this correspondence in the mineral composition of 
^ese groups to a combination of similar circumstances 

1 5 
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at the same era. From the map (Fig. 120. p. 158.) in 
the last chapter^ it will be seen that the united waters 
of the Allier and Loire, afler descending from the 
valleys occupied by the fresh-water formations of 
Central France, flow on till they reach the southern 
extremity of what is called the Paris basin. M. Oma- 
lius d'Halloy long ago suggested the very natural idea 
that there existed formerly a chain of lakes, reaching 
from the highest part of the central mountain-group 
of France, and terminating in the basin of Paris, which 
he supposes was at that time an arm of the sea. 

Notwithstanding the great changes which the phy- 
sical geography of this part of France must since have 
undergone, we may easily conceive that many of the 
principal features in the conBguration of the country 
may have remained unchanged, or but slightly modified. 
Hills of volcanic matter have indeed been formed since 
the Eocene formations were accumulated, and the 
levels of large tracts have been altered in relation to 
the sea; lakes have been drained, and a gulf of the 
sea turned into dry land, but many of the reciprocal 
relations of the different parts of the surface may stili 
remain the same. The waters which flowed from the 
granitic heights into the Eocene lakes may novr 
descend in the same manner through valleys once the 
basins of those lakes. Let us, for illustration, suppose 
the great Canadian lakes, and the gulf into which 
their waters are discharged, to be elevated and laid 
dry by subterranean movements. The whole hydro- 
graphical basin of the St. Lawrence might be upraised 
during these convulsions, yet that river might continue, 
even after so extraordinary a revolution, to drain the 
same elevated regions, and might still convey ^^^ 
waters in the same direction from the interior of the 
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contineiit to the Atlaattc. Instead of traversing the 
lakesy it would hold its course through deposits of 
lacustrine sand and shelly marl^ such as we know to be 
now forming in Lakes Superior and Erie ; and these 
fresh-water strata would occupy the site and bear 
testimony to the pristine existence of the lakes. Ma- 
rine strata may also be brought into view in the space 
where an inlet of the sea, like the estuary of the St 
Lawrence, had once received the continental waters ; 
and in such formations we might discover shells of 
iacustrine and fluviatile species intermingled with 
marine testacea and zoophytes. 

StAdimsions of strata in the Paris basin. — The area 
which has been called the Paris basin is about 180 
miles in its greatest length from north-east to south* 
^west, and about ninety miles from east to west. This 
space may be described as a depression in the chalk 
(see Fig. 62. Vol. III. p. 354.), which has been filled up 
by alternating groups of marine and freshwater strata. 
MM. Cuvier and Brongniart attempted in 1811 to dis- 
tinguish five different formations, and to arrange them 
in the following order, beginning with the lowest : — 

1. First fresh-water r -. . . ^' 

formation ....1 _,. * , 

(^ rirsX sandstone. 

2. First marine form- 1 ^n, « . 

\ Calcaire grossier. 
ation J 

« o J i- 1- ^ r Siliceous limestone. 

3. Second fresh- water J _ . , , * . 

formation 1 ^^P^"™' ^^^^ ^^^^^ ^^ animals. 

t Fresh-water marls. 

4. Second marine f J^yP^**"* ^^^^ '"»'-^«- 
formation 1 ^PP^' ™*r>"® sands and sandstones. 

L Upper marine marls and limestones. 

5. Third fresh-water r^i!!'"""* mni'tone, without shells. 

- .. i Siliceous millstone, with shells. 

formation ,..,•. I __ _ . ' . 

L Upper fresh-water marls. 

I 6 
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These foimatioiM were supposed to have been de 
posited in succession upon the chalk; and it wai 
imagined that the waters of the ocean had been b] 
turns admitted into and exduded from the sanu 
region. But the subsequent investigations of seven 
geologists, especially of M. Constant Prevost % hart 
led to great modifications in the theoretical views en 
tertained respecting the order in which the seveni 
groups were formed; and it now appears that the form* 
ations Nos. 1, 2, and 3. of the table of MM. Cuvier and 
Brongniarty instead of having originated one after the 
other, are divisible into four nearly contemporaneous 
groups. 

Superposition of different formations in the Para 
haHn. — A comparison of the two accompanying dia* 
grams will show at a glance the different relatkwf 

Fig. 126. Fig. 127. 

M. Alex. 

BroDgniart. M. Constant Prevost. 
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which the several sets of strata bear to each other^ ac- 
cording to the onginal as well as the more modem 
classification. I shall now proceed to lay before the 
reader a brief sketch of the several sets of strata re- 
ferred to in the above systems. 

Immediately upon the chalk a layer of broken chalk 
flints, often cemented into a breccia by siliceous sand, 
is very commonly found. These flints probably indi« 
cate the action of the sea upon reefs of chalk when a 
portion of that rock had emerged, and before the 
regular tertiary beds were superimposed. To this 
partial layer no reference is made in the annexed 
sections. 

Plastic clay and sand. — Upon this flinty stratum^ 
or, if it be wanting, upon the chalk itself, rests fre- 
quently a deposit of clay and lignite (No. 1. of the 
above tables). It includes the remains of fresh-water 
shells and drift-wood, and was, at first regarded as a 
proof that the Paris basin had originally been ^lled 
with fresh water. But it has since been shown that 
this group is not only of very partial extent, but is by 
no means restricted to a fixed place in the series ; for 
it alternates with the marine calcaire grossier (No. 2. 
of the tables), and is repeated in the very middle of 
that limestone at Veaugirard, Bagneux, and other 
places, where the same Planorbes, Paludinae, and Lim- 
neas occur.* M. Desnoyers pointed out to me a sec- 
tion in the suburbs of Paris, laid open in 1829, where 
a similar intercalation was seen in a still higher part 
of the calcaire grossier. These observations relieve us 
from the difficulty of seeking a cause why vegetable 
matter, and certain species of fresh-water shells and a 

* Prevost, Sur les Submersions It^ratiyes, &c. M^* de la 
Soc. d'Htst. Nat. de ParU, tomejv. p. 74. 
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particular kind of day, were at first introduced into 
the basin, and why the same space was subsequently 
usurped by the sea. A minute examination of die phe- 
nomena leads us simply to infer, that a river charged 
with argillaceous sediment entered a bay of the sea 
and drifted into it, from time to time, fresh-water shells 

and wood. 

Cakaire grossier. — The calcaire grossier above al- 
luded to, is a coarse limestone, often passing into sand, 
such as may perhaps have been in part derived from 
the aqueous degradation of a chalk country. It con- 
tains by far the greater number of the fossil shells 
which characterize the Paris basin. No less than 400 
distinct species have been procured from a single spot 
near Grignon. They are imbedded in a calcareous 
sand, chiefly formed of comminuted shells, in which, 
nevertheless, individuals in a perfect state of preserr- 
ation, both of marine, terrestrial,. and fresh-water spe- 
cies, are mingled together, and were evidently trans- 
ported from a distance. Some of the marine shells 
may have lived on the spot ; but the Cyclostoma and 
Limnea must have been brought thither by rivers and 
currents, and the quantity of triturated shells implies 
considerable movement in the waters. 

Nothing is more striking in this assemblage of 
fossil testacea than the great proportion of species 
referrible to the genus Cerithium. (See fig. 128.) 
There occur no less than one hundred and thirty-seven 
species of this genus in the Paris basin, and almost all 
of them in the calcaire grossier. Now the living tes- 
tacea of this genus inhabit the sea near the mouths of 
rivers, where the waters are brackish, so that their 
abundance in the marine strata of the Paris basin is in 
nerfect harmony with the hypothesis before advanced 
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Fii^ 128. that a river flowed into the gulf, and gave rise 
to the heds of clay and lignite before meo- 
tioned. But there are ample data for infer- 
ring that the gulf was supplied with fresh 
water by noore than one river ; for while the 
calcaire grossier occupies the northern part of 
the Paris basin, another contemporaneous 
deposit, of fresh-water origin» appears at the 
southern extremity. 

Calcaire siliceux, — This group (No. 3* of 
the foregoing tables) is a compact siliceous 
limestone, which resembles a precipitate from 
^ ^..^ the waters of mineral springs. It is often tra^ 
ckictum* versed by small empty sinuous cavities ; is 
for the most part devoid of organic remains, but in 
some places contains fresh-water and land species^ 
and never any marine fossils. The siliceous lime- 
stone and the calcaire grossier occupy distinct parts of 
the basin, the one attaining its fullest development in 
those places where the other is of slight thickness. 
They also alternate with each otlier towards the centre 
of the basin, as at Sergy and Osny ; and there are even 
points where the two rocks are so blended together, 
that portions of each may be seen in hand specimens. 
Thus in the same bed, at Triel, we have the compact 
fresh-water limestone, characterized by its Limneae, 
mingled with the coarse marine limestone through 
which the small multilocular shell, called milliolite, is 
dispersed in countless numbers. These microscopic 
testacea are also accompanied by Cerithia and other 
shells of the calcaire grossier. It is very extraordinary 
that in this instance both kinds of sediment must have 
been thrown down together on the same spot, and 
each has still retained its own peculiar organic remains. 
* This species is found also in the Paris and London basins. 
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ThiB limestone was pointed out to me by M. IVevost, 
both in situ at Triel, and in hand specimens in his 
cabinet. 

These facts lead irresistibly to the conclusion, that 
while to the north, where the bay was probably open 
to the sea, a marine limestone was formed, another 
deposit of fresh-water origin was introduced to the 
southward, or at the head of the bay ; for it appears 
that during the Eocene period, as now, the ocean was 
to the north ; and the continent, where the great hd^es 
existed, to the south. From that southern region we 
may suppose a body of fresh water to have descended 
charged with carbonate of lime and silica, the water 
being perhaps in sufficient volume to convert the upper 
end of the bay into fresh water, like some of the gulls 
of the Baltic. 

Gypsum and marls. — The next group to be con- 
sidered is the gypsum, and the white and green marls, 
subdivisions of No. 3. of the table of Cuvier and 
Brongniart. These were once supposed to be entirely 
subsequent in origin to the two groups already con- 
sidered; but M. Prevost has pointed out that in somt 
localities they alternate repeatedly with the calcaire 
siliceux, and in others with some of the upper mem- 
hers of the calcaire grossier. The gypsum, with its 
associated marl and limes^ne, is in greatest force 
towards the centre of the basin, where the two groups 
before mentioned are less fully developed; and M* 
Prevost infers, that while those two principal deposits 
were gradually in progress, the one towards the north/ 
and the other towards the south, a river descending 
from the east may have brought down the gypseous 
and marly sediment. 

It must be admitted, as highly probable, that a 
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or narrovr sea, 180 miles in length, would receive^ at 

more points than one, the waters of the - a<]yoining 

continent ; at the same time I may observe, that if the 

.gypsum and associated green and white maris of 

, Montroartre were derived from a hydrographical basin- 

r distinct from that of the southern chain of lakes before 

adverted to, this basin must nevertheless have been 

. placed under circumstances extremely similar; for the 

identity of the rocks of Velay and Auvergne with the 

freshwater group of Montmartre, is such as can scarcely 

. be appreciated by geologists who have not carefully 

examined the structure of both these countries. 

Some readers may think that the view above given 
of the arrangement of four different sets of strata in 
the Paris basin is far more obscure and complicated 
than that first presented to them in the system of 
MM. Cuvier and Brongniart. Undoubtedly the rela- 
tions of the several groups are less simple than the 
Brat observers supposed, being much more analogous 
to those before described in the lacustrine deposits 
of Central France. The simultaneous deposition of 
two or more groups of strata in one basin, some of 
them fresh-water and others marine, must always pro- 
duce very complex results ; but in proportion as it is 
more difficult in these cases to discover any fixed 
order of superposition in the associated mineral masses, 
so also is it more easy to explain the manner of their 
origin and to reconcile their relations to the agency of 
known causes. Instead of the successive irruptions 
and retreats of the sea, and changes in the chemical 
nature of the fluid and other speculations of the earlier 
geologists, we are. now simply called upon to imagine 
a gulf, into one extremity of which the sea entered^ 
and at the other a large river, while other streams may 
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have flowed in at different poiDts» whereby an indefinite 
number of alternations of marine and freshwater bedt 
would be occasioned. 

Second or Upper marine group* — The next group* 
called the second or upper marine formation (No. 4^ of 
the tables), consists in its lower division of green marls, 
which alternate with the fresh-water beds of gypsuQ 
and marl last described. Above this division the pro- 
ducts of the sea exclusively predominate, the bdi 
being chiefly formed of micaceous and qiiartzose saod 
eighty feet or more in thickness, surmounted by beik 
of sandstone, with scarcely any limestone. The sols' 
mits of a great many platforms and hills in the Paris 
basin consist of this upper marine series. 

I fully agree with M. C. Prevost tliat the alteroatia 
of the various marine and fresh- water formations befoR 
described admit of a satisfactory explanation without 
supposing different retreats and subsequent returtf 
of the sea ; yet I think that a subsidence of the soil 
would best account for the position of these uppa 
marine sands. Oscillations of level may have oo 
curred, in consequence of which the sea and a rivfl 
may have prevailed each in their turn for a time, und 
at length, by a more considerable sinking down of ptf^ 
of the basin, a tract previously occupied by fresh waM 
was converted into a sea of moderate depth. 

In one part of the Paris basin there are decisiii 
proofs that during the Eocene period, and before th{ 
upper marine sand was formed, parts of the calcatf 
grossier were exposed to the action of denudiif 
causes. At Valmondois, for example, a deposit of tb 
upper marine sandstone is found, in which t(M 
blocks of the calcaire grossier with its peculiar fossil 
and fragments of a limestone resembling the calcaki 
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siliceux, occur.* These calcareous boulders are roUed 
and pierced by perforating shells belonging to no less 
than fifteen distinct species. Both the blocks and 
manj worn shells washed out from the calcaire gros- 
sier, are found mingled with the ordinary fossils of the 
tipper marine sand. 

We have seen that the same earthquake in Cutch 
could raise one part of the delta of the Indus *and 
depress another, and cause the river to cut a passage 
through the upraised strata, and carry down the mate- 
rials removed from the new channel into the sea. All 
these changes, therefore, might happen within a short 
interval of time between the deposition of two sets of 
strata in the same delta.t 

It is not improbable, then, that the same convul- 
sions which caused one part of the Paris basin to sink 
down, so as to let in the sea upon the area previously 
covered by gypsum and fresh-water marl, may have 
[ffled up the calcaire grossier and the siliceous lime- 
stone, so that they might be acted upon by the waves, 
ind fragments of them swept down into the con- 
tiguous sea, there to be drilled by boring testacea. 

It is observed that the older marine formation at 
Laon is now raised three hundred metres or nearly 
!>iie thousand feet above the sea, whereas the upper 
narine sands never attain half that elevation. Such 
nay possibly have been the relative altitude of the 
wo groups when the newest of them was deposited. 

Third fresh'WtUer formation, — We have still to con- 

* M. Deshayes, Mdmoires de la Soc. d*Hist. Nat. de Paris,^ 
oxn. i. p. 243. The sandstone is there called, by mistake, gr^s 
narin infirieur, instead of superieur, to which last the author has 
ince ascertained it to belong. 

t Vol. II. p. 2S7. 
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sider another fonnation, the third fresh-water group 
(No. 5. of the preceding tables). It consists of marls 
interstratified with beds of flint and layers of flinty 
nodules. One set of siliceous layers is destitute of 
organic remains, the other replete with them. 

Gyrogonites, or fossil seed-vessels of chars, are found 
abundantly in these strata, and all the animal and 
v^etable remains agree well with the hypothesis, that 
after the gulf or estuary had been silted up with the 
sand of the upper marine formation, a gpreat number 
of marshes and shallow lakes existed, like those which 
frequently overspread the newest parts of a delta. 
These lakes were fed by rivers or springs which con- 
tained, in chemical solution or mechanical suspension, 
such kinds of sediment as we have already seen to 
have been deposited in the lakes of Central France 
during the Eocene period. 

7^ Parisian groups aU Eocene. — Having now given 
a rapid sketch of the different groups of the Paris 
basin, I may observe generally that they all belong 
to the Eocene epoch, although the entire series must 
doubtless have required an immense lapse of ages fbr 
its accumulation. The shells of the different fresh- 
water groups, constituting at once some of the lowest 
and uppermost members of the series, are nearly all 
referrible to the same species, and the discordance 
between the marine testacea of the calcaire grossier 
and the upper marine sands is very inconsiderable. 

A curious observation has been made by M. Des- 
hayes, in reference to the changes which one species, 
the Cardiumporulosumy has undergone during the long 
period of its existence in the Paris basin. Different 
varieties of this cardium are characteristic of different, 
strata. In the older sand of the Soissonais (a marine 
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formation underlying tbe regular beda of the calciire 
.grouier), this shell acquires but a small volume, and 
Fig. I!». 




has many peculiarities) which disappear in the lowest 
beds of tlie calcaire grossier. In these the shell attains 
Its full size, and many peculiarities of fonn, which are 
^m modified in the uppermost beds of the calcaire 
grassier ; and these last characters are preserved 
Ihroughout the whole of the "upper marine" series.* 
Milioliie Itjitestone atid microsome tkeUs. — In some 
pats of the calcaire grossier round Paris, certain 
beds occur of & stone used in building, and called by 
Ihe French geologists milioUte limettone. It is almost 
entirely made up of millions of small shells of the uze 
ef minute grains of sand, which all belong to the same 
class, but are of distinct species from those found in 
Uie Older Pliocene beds of Italy. Tliese minute fossil 
bodies belong to the order CqAalopoda, the animals of 
'^hich are more free in their movements, and more ad- 
vanced in their organization, than any other mollusca. 
Ibe luuUilocular cephalopods have been separated, by 
1^'Orbigny into two subdivisions : first, those having 
s siphon or internal tube connecting the different 
chambers, such as the nautilus and ammonite ; and, se- 
^^Bdly, those without a siphon, to which the micro- 
^opic species now under consideration belong, lliey 

* Coquillei anO&atK. dei Temioa, 1831. 
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wxe often in an excellent state of preseiration, and 
their forms are singularly different from those of the 
larger testacea. 

A plate of some of these is given, from unpublished 
drawings by M. Deshayes, who has carefully selected 
the most remarkable types of form. The natural sia 
of each species figured (Plate XIII.) is indicated by 
such minute points, that it is necessary to call atteo* 
tion to them, as they might otherwise be overlooked. 
It should also be mentioned that the genus milioliteof 
Lamarck has since been subdivided into several genera, 
among which are the Triloculina and Quinqueloculiua 
figured in the plate (PI. XIIL). 

Characteristic shells, — The species of shells figured 
in the annexed plate are common in the Paris basin. 
and may be considered as characteristic of the Eocene 
period generally. They appear as yet to be ex- 
clusively confined to deposits of that period, and are 
for the most part abundant in them wherever thej 
have been attentively studied. (PI. XIV.) 

Bones of quadrupeds in gypsum. — I have alread] 
considered the position of the gypsum whidi occurs ii 
the form of a saccharoid rock in the hill of Moat 
martre at Paris, and other central parts of the basil 
At the base of that hill it is seen distinctly to altemsM 
with sofl marly beds of the calcaire grossier, in whidI 
cerithia and other marine shells occur. But the great 
mass of gypsum may be considered as a purely fresh' 
water deposit, containing land and fluviatile shells* 
together with fragments of palm-wood, and great nuiS' 
bers of skeletons of quadrupeds and birds, an asseo* 
blage of organic remains which has given great cele- 
brity to the Paris basin. The bones of fresh-water 
fish, also, aiid of crocodiles, and many land and fluvift* 
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tile r^tiJes, occur in this rock. The skeletons of mam* 
malia are osoall j isolated, often entire, the most deli- 
cate extremities being preserved, as if the carcasses, 
cicthed with their flesh and skin, had been floated 
down soon after death, and while they were still swohi 
by the gases generated by their first decomposition. 
The few accompanying shells are of those light kinds 
which frequently float on the surface of rivers together 
with wood. 

M. Prevost has therefore suggested that a river may 
have swept away the bodies of animals, and the plants 
which lived en its borders, or in the lakes which it 
traversed, and may have carried them down into the 
centre of the gulf into which flowed the waters im- 
pregnated with sulphate of lime. We know that the 
Fiume Salso in Sicily enters the sea so charged with 
various salts that the thirsty cattle refuse to drink of 
it. A stream oi sulphureous water, as white as milk, 
descends into the sea from the volcanic mountain of 
Idienne, on the east of Java ; and a great body of hot 
water, charged with sulphuric acid, rushed down from 
the same vc^cano on one occasion, and inundated a 
brge tract of country^ destroying, by its noxious pro- 
perties, all the vegetation. * In like manner the Pu- 
sanibio, or " Vinegar River,*' of Colombia, which rises 
at the foot of Purae^, an extinct volcano 7500 feet 
above the levd of the sea, is strongly impregnated 
with sulphuric and muriatic acids, and with oxide of 

• 

iron. We may easOy suppose the waters of such 
streams to have properties noxious to marine animals, 

* Leyde Magaz. voor Wetensch Konst en Lett., partie v. 
cahier i. p. 71. Cited by Rozet, Joum. de Gdologie, torn. i. 
p. 48. 
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and in this manner the entire absence of marine re- 
mains in the ossiferous gypsum may be ex|dained.* 

There are no pebbles or coarse sand in the g3rp8uni; 
a circumstance which agrees well with the hypothesb 
that these beds were precipitated from water holding 
sulphate of lime in solution, and floating the remaim 
of different animals. The bones of land quadrupeds, 
however, are not confined entirely to the fresh-water 
formation to which the gypsum belongs ; for the re- 
mains of a Palseotherium, together with some fresli- 
water shells, have been found in a marine stratum be* , 
longing to the calcaire grossier at Beauchamp. I 

In the gypsum the remains of about &hy species oi 
quadrupeds have been found, all extinct, and nearlj 
four-fifUis of them belonging to a division of the order 
Pachydermata, which is now represented by only four 
living species ; namely, three tapirs and the daman d 
the Cape. With them a few carnivorous animals an 
associated, among which are a species of fox and gei- 
net. Of the Rodentia, a dormouse and a squirrel ; of 
the Insectivora, a bat ; and of the Marsupiaila (ao 
order now confined to America, Australia, and some 
contiguous islands), an opossum, have been discovered. 

Of birds, about ten species have been ascertained 
the skeletons of some of which are entire. None of 
them are referrible to existing species.f The same 
remark applies to the fish, according to MM. Cuvi& 
and Agassiz, as also to the reptiles. Among the last 
are crocodiles and tortoises of the genera Emysand 
Trionix. 

The tribe of land quadrupeds most abundant in thii 

I 

* M. C. Prevost, Submersions It^ratives, &c. Note 23. 
I Cuvier, Oss. Foss., torn. iii. p. 255. 
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ormation is such as now inhabits alluvial plains and 
larshes and the banks o£ rivers and lakes, a class most 
xposed to suffer by river inundations. Whether the 
IspropOFtion of carnivorous animals can be ascribed 
) this cause, or whether they were comparatively 
nail in number and dimensions, as in the indigenous 
luna of Australia, when first known to Europeans, is 
point on which it would be rash perhaps to offer an 
:>inion in the present state of our knowledge. 
We have no reason to be surprised that all the 
ecies of vertebrated animals hitherto observed are 
tinct, when we recollect that out of 1122 species of 
;sil testacea obtained from the Paris basin, thirty- * 
^lit only can be identified with species now living, 
lave more than once adverted to the fact, that ex- 
ct mammalia are oflen found associated with assem- 
iges of recent shells, a fact firom which I have inferred 
i inferior duration of species of the mammalia as com- 
ed with the testacea ; and it is not improbable that 
higher order of animals in general may more readily 
'ome extinct than the marine mollusca. Some of 
thirty-eight species of testacea above alluded to, 
laving survived from the Eocene period to our own 
es> have now a wide geographical range, as, for ex- 
ile, Lucina divaricata *, and are therefore fitted to 
;t under a great variety of circumstances. On the 
;r hand, the great proportion of the Eocene marine 
icea which have become extinct sufficiently de- 
strates that the loss of species has been due to 
;ral laws ; and that a sudden catastrophe, such as 
invasion of a whole continent by the sea — a cause 
;h could annihilate only the terrestrial and fresh- 

• See Fig. 65, Vol. III. p. 394. 
>I«. IV. K 
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water tribesi is an hypothesis wholly iimdeqiuite to 
account for the phenomenon. 

Strata mih and wUbmii myanie remains ttkemaiwg. 
»— Between the gypsum of the Pteis basin and die 
upper marine sands a thin bed of oystere is fbuod, 
which is spread over a remarkably wide area. From 
the manner in which lihey lie, it is inferred that thej 
did not grow on the spot, hut that some current swept 
them away from a bed of oysters formed in some other 
part of the bay. The strata of sand which immediately 
repose on Ihe oyster-bed are quite destitute of orgamc 
remains ; and nothing is more common in the Paris bt 
sin and in other formations, than alternations of sheBi 
beds with others entirely devoid of them. The tempo- 
rary extinction and renewal of animal life at successire 
periods have been inferred from such phenomeia 
which may nevertheless be explained, as M. Prevos 
justly remarks, without appealing to any such extra- 
ordinary revolutions in the state of the animate cre- 
ation. A current one day scoops out a chimnel in i 
bed of shelly smd and mud, and the next day, by a 
slight alteration of its course, ceases to prey upon tbe 
same bank. It may then become charged with ssri 
immixed with shells, derived from some dune, or 
brought down by a river. In the course of ages » 
indefinite number of transitions from shelly strata to 
those without shells may thus be caused. 

Concluding remarks. — It will be seen by our (b- 
servations on Auvergne and other parts of Centit' 
France, and on the district round Paris, that geologitf 
have already gained a considerable insight into the 
state of the physical geography of part of Europe doriif 
the Eocene period. We can point to some districts 
where lakes and rivers then existed, and to the site d 




t. *- 



'W'ir . 



v:tci^,vj M* 



>f<i 



ut Use; , 



tft' Qfntr 



**^*fcaji 






<««» 



ritti' 






o* 



l&r 






■ c 

> du 

•m J 

. . ated 

Age i 

.luring 

ivi 

.e e 



''iitntt 

. ID 

the 
e 



us 
e 



are 



CO 



196 EOCENE PERIOD. *! CBookIT 

same time, we must be fully aware that we caonot 
reason with any confidence on the capability of tm 
own, or any other contemporary species, to exist undo 
circumstances so different as those which might be 
caused by an entirely new distribution of land, and seaj 
and we know that in the earlier tertiary periods the 
physical geography of the northern hemisphere "sm 
very distinct. Our inability to account for the atmo- 
spheric and other latent causes, which often g^ve rise 
to the most destructive epidemics, proves the ertent 
of our ignorance of the entire assemblage of conditio&S] 
requisite for the existence of any one species on tu 
globe. 
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CHAPTER XIX. 



EOOBNE TOLOANIO ROOKS* 



Vo/can/c rocks of Auvergne — Eruptions at successive periods — 
Mont Dor an extinct volcano — Velay — Flomb du Cantal, 
(p. 204.)— Train of minor volcanos stretching from Auvergne 
to the Vivarais — Monts Domes — Ravines excavated through 
lava — Alluviums of distinct ages (p. 209.) — Age of more 
modem lavas of Central France— No eruption during the his- 
toncal era — Division of volcanos into ante-diluvian and post- 
. diluyian inadmissible — Theories respecting the effects of the 
Flood considered (p. 214.) — Recapitulation. 

In treating of the lacustrine deposits of Central France, 
^ the seventeenth chapter, I omitted, in order to 
avoid confusion, all details respecting the associated 
volcanic rocks, to which I now recall the reader's at- 
tention. (See the Map, p. 158.) 

It was stated that, in the arenaceous and pebbly 
group of the lacustrine basins of Auvergne, Cantal, 
^d Velay, no volcanic pebbles had ever been detected, 
although massive piles of igneous rocks are now found 
i^the immediate vicinity. As this observation has 
been confirmed by minute research, we are warranted in 
herring that the volcanic eruptions had not com- 
nienced when the older subdivisions of the fresh-water 
groups originated. 

In Cantal and Velay no decisive proofs have yet 
Wen brought to light that any of the igneous out- 
Ijursts happened during the deposition of the fresh- 

k3 
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water strata ; but there can be no doubt that io 
Auvergne some volcanic explosions took place before 
the drainage of the lakes, and at a time when the 
Eocene species of animals and plants still flourished 
I shall first advert to these proofs, as relating to the 
history of the period under consideration, and shall then 
proceed to show that there are in the same countij 
volcanic rocks of much newer date, some of wbidi 
appear to be referrible to the Miocene era. 

, Volcanic rocks CLSSociated tmth lacustrine in h- 
vergne. — The first locality to which I shall call tb 
reader's attention is Pont du Chateau, near CkrmoDt 
which spot, as well as all the others in Auvergofr 
mentioned in this chapter, I estamined, in compstj 
with Mr. Murchison, in 1828. The sectioki at thb 
place is seen in a precipice on the right bank of the 
river AUier. Here beds of volcanic tuflP alternate wil 
a fresh-water limestone, which is, in some places pwe* 
but in others spotted with fragments of volcanic mattefj 
as if it were deposited while showers of sand ani 
scoriae were projected from a neighbouring vent^ 
This limestone contains the Helix Ramtrndi and otbei 
shells of Eocene species. It is immaterial to the p 
sent argument whether the volcanic sand was showered 
down from above, or drifted to the spot by a riverj 
for the latter opinion must presuppose the country U 
have been covered with volcanic ejections during th( 
Eocene period. 

Another example occurs in the Pay de MarmoBtj 
near Veyres, where a fresh -water marl alternates vitt 
volcanic tuff containing Eocene shells. The tuffo' 
breccia in this locality is precisely 9uch as is knovni^^ 

* See Scrope'^ Central Frande, p. 21* 
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result from vo]caoic ash«8 fiilling iBto water, asd wab-^ 
siding together with ejected firagmentr of mari and 
other stratified rocks. These tuffa and marls are higldy 
mclined, and traversed by a thick vein of basalty wbidii 
as it rises in the hill, divides into two hraaK^es*. 

Gerffoma, — The hW of Giergovia, near Clemieiit,. 
affords a third example. I agree with MM. Dufrenoy 

d Jobert that there is no altesnation here of lam 
and fresh* water strata, in the manner aapposedby some 
other observers * ; but the position and coateaSs of 
some of the tuffs prove them to have been derived 
from volcanic eruptions which occurred during the de- 
position of the Eocene formations. 

The bottom of the hill consists of slightly inclined 
beds of white and greenish marls, more than three 
hundred feet in thickness, intersected by a dike of 
basalt, whidi noay be studied in the ravine above the 
village of Merdogne. The dike here cuts through the 

Fig. isa 



Basaltic 




mu </ Gergona, 

* See Scrope*t Centnl France, p. 7. 
K 4 
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marly strata at a considerable angle, producing, in 
general, great alteration and confusion in them for 
some distance from the point of contact. Above the 
white and green marls, a series of beds of limestone 
and marl, containing fresh-water shells, are seen to 
alternate with volcanic tuff. In the lowest part of 
this division, beds of pure marl alternate with compact 
fissile tuff, resembling some of the subaqueous tufis 
of Italy and Sicily called peperinoa. OccasionaBj 
fragments of scoriae are visible in this rock. Still higher 
is seen another group of some thickness, consisting exv 
dusively of tuff, upon which lie other marly strata' 
intermixed with volcanic matter. 

There are many points in Auvergne where igneous 
rocks have been forced by subsequent injection through 
clays and marly limestones, in such a manner that the 
whole has become blended in one confused and brec- 
ciated mass, between which and the basalt there is 
sometimes no very distinct line of demarcation. In 
the cavities of such mixed rocks we often find calce- 
dony, and crystals of mesotype, stilbite, and arragonite. 
To formations of this class may belong some of the 
breccias immediately adjoining the dike in the hill of 
Gergovia; but it cannot be contended that the vol- 
canic sand and scoriae interstratified with the marls 
and limestones in the upper part of that hill were in- 
troduced, like the dike, subsequently, by intrusion from 
below. They must have been thrown down like sedi- 
ment from water, and can only have resulted from 
igneous action, which was going on contemporaneously 
with the deposition of the lacustrine strata. 

The reader will bear in mind that this conclusion 
agrees well with the proofs, adverted to in the seven- 
teenth chapter, of the abundance of silex, travertin, 
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and gypsum precipitated when the upper lacustrine 
strata were formed ; for these rocks are such as the 
waters of mineral and thermal springs might generate. 

The igneous products above mentioned, as asso- 
ciated witli the lacustrine strata, form the lowest 
members of the great series of volcanic rocks of Au-* 
vergne, Cantal, and Velay, which repose for the most 
part on the granitic mountains (see Map above, p. 158.). 
There was evidently a long succession of eruptions, 
beginning with those of the Eocene period, and ending, 
so far as can yet be inferred from the evidence de» 
rived from fossil remains, with those of the Miocene 
epoch. The oldest part of the two principal volcanic 
masses of Mont Dor and the Plomb du Cantal may 
perhaps belong to the Eocene period, — the newer 
portion of the same mountains to the Miocene ; just 
as Etna commenced its operations during the Newer 
Pliocene era, and has continued them down to the 
Recent epoch, and still retains its energy undiminished. 
There are some parts of the Mont Mezen, in Velay, 
which are perhaps of the same antiquity as the oldest 
parts of Mont Dor. 

Besides these ancient rocks, of which the lavas are 
in a great measure trachytic, there are many minor 
cones in Central France, for the most part of poste- 
rior origin, which extend from Auvergne, in a direction 
north-west and south-east, through Velay, into the 
Vivarais, where they, are seen in the basin of the 
Ard^he. This volcanic line does not pass by the 
Flomb du Cantal ; it was formed, as nearly as can be 
.conjectured in the present imperfect state of our 
knowledge, during the Miocene period ; but there may 
probably be found, among these cones and their accom- 
panying lavas, rocks of every intermediate age between 

K 5 
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the oldest and newest volcanic fbrmatiotis of Centnl 
Frahee. 

I shall fitst give a bf ief de8crit>iion of the Mont Doi 
and the Plomb dti Cantal, and then ^ads on to the trail 
of newer cones, exahiiniiig the evidence at preseD 
obtained respecting their relative ages, and the l^b 
which they throw on the successive formation of alio 
viunis and on the excavation of valleys. 

Mani Dor. — Mont Dor, the most constricttous o 
the volcanic niasses of Auvergne, rests immediately on 
the granitic rocks standing apart from the fVesh-wate! 
strata."* This volcand ri^es suddenly to the height o 
several thousand feet above the surrounding platfdno 
and retains the shape of a flattened and somefrltti 
irregular cone, all the sides sloping more or less rapidlf, 
nntil their inclinatioh is gradually lost ih the h^ 
plain around. This conb is composed of lajers of sco- 
rie, pumice-stones, dnd their fine detritus, with inter' 
posed beds of trach3rte and basalt, which descend often 
in uninterrupted currents, till they reach and spread 
themselves round the base of the mountain, f Cod' 
glomeratcs also, composed of angular and rouodec 
fragments of igneous rocks, are Observed to altetD&ti 
with the above; and the various masses are seen tod| 
off from the central axis, and to lie parallel to tlii 
sloping flanks of the great cone, in the manner I hBfi 
described when trieating of Etna. 

The summit of the mountain terminates in sevieo^ 
eight rocky pead^s, where no regular crater tan nt^ 
be traced, but where we may easily imaginfe one i 
have existed, Which may have been shattered by eartif 
quakes, and h^ve suffered dcgradati6n by Bqaed 

^Seethe i^ap,p. 156. 

f l$cro^e*i Central France, p. 9^. | 



Cai.XIX.3 MONT DOR — VELA Y. 20S 

agents. OiigumUy* perhaps^ like the highest crater of 
'EtnsLy it may have formed an insignificant feature in 
the great pile, and may frequently have been destroyed 
and renovated. 

We cannot at present determine the age of the 
great mass of Mont Dor, because no organic remains 
have yet been found in the tuffs, except impressions 
of the leaves of trees, of species not determined. 
Some of the lowest parts of the mountain are formed 
of white pumiceous tuffs, in whicli animal remains may 
perhaps be one day found. In the mean time, we may 
conclude that Mont Dor had no existence when the 
grits and conglomerates of the Limagne, which contain 
no volcanic materials, were formed ; but some of the 
earliest eruptions were, perhaps, contemporary with 
those described in the commencement of this chapter* 
To the latest of these eruptions, on the other hand, I 
refer those trachytic breccias of Mont Perrier, which 
were shown in the sixteenth chapter (p. 147.) to alter- 
nate with Miocene alluviums. 

Velaj/. — The observations of M. Bertrand de Done 
have not yet established that any of the most ancient 
volcanos of Velay were in action during the Eocene 
period, althou^ it is very probable that some of them 
may have been contemporaneous with the oldest of the 
Auvergne lavas. There are beds of gravel in Velay, 
as in Auvergne, covered by lava at different heights 
above the channels of the existing rivers. In the high- 
est and most ancient of these alluviums the pebbles 
are exclusively of granitic rocks ; but in the newer, 
which are found at lower levels, they contain an inter- 
niixture of volcanic substances. I have already shown^ 
in the sixteenth chapter, that, in the volcanic ejections 
and alluviums covered by the lavas of Velay, the bones 

K 6 
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of animals of Miocene species have been found, b 
which respect the phenomena accord perfectly with 
those of Auvergne. 

Plomb du CantaL — In regard to the age of the 
igneous rocks of the Cantal we are still less informed, 
and at present can merely affirm, that they overlie the 
Eocene lacustrine strata of that country. (See Map, 
Fig. 120. } They form a great dome-shaped mass, which 
has evidently been accumulated, like the cone of Etna, 
during a long series of eruptions. It is composed of 
trachytic, phonolitic, and basaltic lavas, tuffs, and con- 
glomerates, or breccias, forming a mountain several thou- 1 
sand feet in height. Dikes also of phonolitCy trachyte, 
and basalt are numerous, especially in the neighbour- 
hood of the large cavity, probably once a crater, around 
which the loftiest summits of the Cantal are ranged 
circularly, few of them, except the Plomb du Cantal 
rising far above the border or ridge of this supposed 
crater. A pyramidal hill, called the Puy Griou, occu- 
pies the middle of the cavity.* It is evident that the 
volcano of the Cantal broke out precisely on the site 
of the lacustrine deposit before described (Chapter 
xvii.), which had accumulated in a depression of a 
tract composed of micaceous schist. In the breccias, 
even to the very summit of the mountain, we find 
ejected masses of the fresh-water beds, and sometimes 
fragments of flint, containing Eocene shells. Valleys 
radiate in all directions from the central heights of the 
mountain, increasing in size as they recede from those 
heights. Those of the Cer and Jourdanne, which are 
more than twenty miles in length, are of great depth, 
and lay open the geological structure of the mountain. 

* M6n. de la Soc. G^ol. de France, torn. i. p. 175. 
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iNo alternation of lavas with undisturbed Eocene strata 
has been observed, nor any tuffs containing fresh-water 
shells, although some of these tufis include fossil re- 
mains of terrestrial plants ssad to imply several distinct 
restorations of the vegetation of the mountain in the 
intervals between great perickis of eruption. On the 
northern side of the Plomb du Cantal, at La VisSiere, 
near Murat, is a spot, pointed out on the Map (p. 158.), 
where fresh-water limestone and marl are seen covered 
by a thickness of about eight hundred feet of volcanic 
rock, Shifb are here seen in the strata of limestone 
and marl.* 

Although it appears that the lavas of the Cantal are 
more recent than the fresh-water formation of that 
country, it does not follow that they may not belong 
to the Eocene period. The lake may possibly have 
been drained by the earthquakes which preceded or 
accompanied the first eruptions, but the Eocene ani- 
mals and plants may have continued to exist for a long 
series of ages, while the cone went on increasing in 
dimensions. 

Train of minor vohxmos. — I shall next consider 
^ those minor volcanos, before alluded to, which stretch 
in a long range from Auvergne to the Vivarais, and 
v^hich appear for the most part to be of newer origin 
than the mountains above described. These volcanos 
were faithfully described, so early as the year 1802, 
by M. de Montlosier. f They have been thrown up in 
a great number of isolated points, and much resemble 
those scattered over the Phlegrsean fields and the flanks 
of Etna. ^ They have given rise chiefly to currents of 

* See Lyell and Murchison, Ann. des Sd. Nat.» Oct. 1829. 
f Th^rie des Vole, d* Auvergne. — Clermont, An X. 
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crater, whence a powerful stream of lava has issued, 
and flowed into the valley of the Sioule. The rivei 
has since excavated a ravine through the lava and sub- 
jacent gneiss, to the depth of 400 feet 

On the upper part of the precipice forming the left 
side of this ravine, we see a great mass of black and 
red scoriaceous lava ; below this a thin bed of gravei 
evidently an ancient river-bed, now at an elevation oi 
fifty feet above the channel of the Sioule. The gravel 
again rests upon gneiss, which has been eroded to the 
depth of 50 feet.* It is quite evident in this case, 
that, while the basalt was gradually undermined and 
carried away by the force of running water, the cone 
whence the lava issued escaped destruction, because it 
stood upon a platform of gneiss several hundred feet 
above the level of the valley in which the force d 
running water was exerted. 

It is needless to multiply examples, or the Vivarais 
would supply many others equally striking. Among 
many I may instance the cone of Jaujac, and its lava 
current, which is a counterpart of that near Franal 
last mentioned.f 

Lavas and alluviums of different ages. — We have 
seen that on the flanks of Etna, since the commeDce- 
ment of the present century, several currents of lava 
have flowed at the bottom of the Val del Bove, at the 
foot of precipices formed of more ancient lavas and 
tuffs. So we find in Auvergne that some streams of 
melted matter have flowed in valleys, the sides of 
which consist partly of older lavas. These are often 

• See Lyell and Murchison on the Excavation of Valiers 
Edin. New Phil Journ., July, 1829. 
t Scrope's Central France, plate 14. 
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seen capping the hills In broad sheets, resting some, 
times on granite, sometimes on fresh-water strata. 

Afany of the earlier lavas of Auvergne floired out 
upon the platform of granite before all the existing 
ralleys had been excavated ; others again spread them- 
eelves in broad sheets over the horizontal lacustrine 
deposit, when these had been covered with gravel, 
probably soon afler the drainage of the lakes. Great 



vicissitudes in the pfaysi 
must have taken place 
cient lavas; and it is e 



ical geography of the country 
ince the flowing of these an- 
ident that the changes were 
gradual and successive, caused probably by the united 
agency of running water and subterranean movements. 
We frequently observe one mass of lava capping a 
hill, and a second at a lower elevation, forming a ter- 
race on the side of a valley ; or sometimes occupying 
the bed of a river. 

It is a most interesting &ct, that in these cases beds 
of gravel almost invariably underlie the successive 
currents of lava, as in Catalonia before described 
(pp. 108. ] II.). Occasionally, when the highest plat-' 
form of lava is seven hundred or eight hundred feet- 
above the lowest, we cannot fell to be struck with the 



Fig. 131. 
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wonderful alteratiooB effected in the drainage of the 
country gince the first current flowed ; foap the moit 
elevated aUuviums must originally have been aecuma- 
lated on the lowest levels of the then existiBg sur&ce^ 
As some geologists have referred almost aH the supers 
fidal gravels to one era, and have supposed them to 
be the result of one sudden catastrophe, t^e pheiMh 
mena of Auvergne here alluded to are very important. 
The flows of volcanic matter have, in fact,, preserved 
portions of the surface in the state in whi«h they o^ 
isted at successive periods ; so that it is impo88fl)le tc 
confound together the alluviums oi different age« 
The reader will see at once, by refeveaeie to the wood' 
cut (Fig. 131.), that a consideral^ interval of timti 
must have occurred between the fonnatioB of the up 
perraost bed of gravel and that next below it ; durioj 
which interval the uppermost lava was poured out,aDi| 
a valley excavated, at the bottom of which the second 
bed of gravel accumulated. In like manner the pour^ 
ing out of a second current of lava, and a fartiier deep 
ening ef the valley, took place between the date of tiu 
second gravel and that of the modem alluvium whidi 
now fills the channel of the river.* 

When rivers are dispossessed of their channels by 
lava, they usually flow between the mass of lava and 
one side of the original valley. They there eat out ^ 
passage, partly through the volcanic and partly through 
the older formation ; but as the soft tertiary marls 



* For localities in Central France where lavas or sheets of 
basalt repose on alluviums at different elevations above the present 
valleys, and for the inferences deducible from such facts, coosali 
the works of MM. Le Grand d*Aussi, Montlosier, Ramoiuif 
Scrope, Bertrand de Doue, Croicet^ Jobert, and Bouillet 
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ki Acnrergne give #aj oMre readSy tiian the baialt, 
it 19 usually at tli^' expense of the marb- that the en-r 
^^g and <ket>eB«lg of the neip Valley is effectdd ; 
so l^at all the remstiiitng lava is then left on obe side^ 
in the- manner re^esented m- the ahoVe woodcut* 

AMuviwiu in andenJt Jissure»*^li might have been 
^xpeoted^ from the analogy of ihodern (Changed in* vol- 
canic countiiesy that- we should find in Auvergne sonie 
fi^ns of ancient fissures caused by earthquakes. Acv 
oordingly M« Fournet has observed in the course oi 
excavations made for itoihing in the valley of the Sioule^ 
near Clermont, some curious and decisive proofs of the 
fbrner existence of open rents which must hate c61n- 
municated with the sArfaoey and have been fitted hotik 
above with alkivium> after tbe commencement and be*' 
fore the end of the period of volcanic eruptions. It 
appears that a ntetaliferoos vein traversii^ gneiss (in 
other words, ft mass or dike of matter, partly metdltn^ 
and partly not, filling an dd fissure in the gneiss) had 
been dislo6ited by later convtdsions, so that a new, 
rent was formed in it which reached the surfeocl. 
Sutd and gravel like that of d riveif-'bed were thett 
washed in, togetheif wilh pieces of wood, whieh are. 
now found fossil with th^ gravel, inf a good state of 
preservation. The rounded pdbbled are partly of granitia 
f ocks, partly of basahie and au]B;itio kvd, showing that 
the last filling tip of the fissure occurred after Some lava» 
had flowed over the accent country. But two of th^ 
most miodefn lava streams nesfar Pont Gibaud^ have 
passed over tlie top of the dikey and they must cfVii 
dently have been t)6ured out after it was filled With- 
alluvium.* x 
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• A^ <^ihe more modem lava8*^-»The only organic re- 
mains found as yet in the ancient aUuviums appear to 
belong to the Miocene period ; but I have heard of 
none discovered in the gravel underlying the newest 
lavas, — those which either occupy the channels of the 
existing rivers, or are very slightly elevated above them. 
I think it not improbable that even these may be d 
Miocene date, although the conjecture will appear ex- 
tremely rash to some who are aware that the cones and 
craters whence the lavas issue are often as fresh in 
their aspect as the majority of the cones of the forest 
zone of Etna. 

The brim of the crater of the' Puy de Pariou, near 
Clermont, is so sharp, and has been so little blunted 
by time, that it scarcely affords room to stand upon. 
This and other cones in an equally remarkable state oi 
integrity have stood, I conceive, uniiyured, not in ^ 
of their loose porous nature, as might at first be na- 
turally supposed, but in consequence of it. No rills 
can collect where all the rain is instantly absorbed hj 
the sand and scoriae, as was shown to be the case od 
Etna (see Vol. III. p. ^5.) ; and nothmg but a water- 
spout breaking directly upon the Puy de Pariou could 
carry away a portion of the hill, so long as it is not rent 
or engulphed by earthquakes. 

' AUempt to divide voloanos into amte-dUwcum atid 
postdiluvian. — The opinions above expressed are en- 
tirely at variance with the doctrines of those wrlten 
who have endeavoured to arrange all the volcanic cones 
of Europe under two divisions, those of ante-diluviao 
and those of post-diluvian origin. To the ante-diluvian 
class they attribute such hills of sand and scorue tf 
exhibit on their surface evident signs of aqueous de- 
nudation ; to the post-diluvian, such as betray no marks 
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of having been exposed to such aqueous action. Ac- 
cording to this dassiflcation, almost all the minor cone» 
of Central France must be called post-diluvian ; al- 
though, if we receive this term in its ordinary accepts 
ation, as denoting posteriority of date to the Noachian 
deluge, we are forced to suppose that all the volcanic 
eruptions occurred within a period of little more than 
twenty centuries, or between the era of the flood, 
which happened about four thousand years ago, and the 
earliest historical records handed down to us respect- 
ing the former state of Central France. Dr. Daubeny 
has justly observed, that had any of these French vol- 
canos been in a state of activity in the age of Julius 
Caesar, that general, who encamped upon the plains of 
Auvergne, and laid siege to its principal city (Gergovia, 
near Clermont), could hardly have failed to notice 
them. Had there been even any record of their ex- 
istence in the time of Pliny or Sidonius ApoUinaris, the 
one would scarcely have omitted to make mention of it 
in his Natural History, nor the other to introduce some 
allusion to it among the descriptions of this his native 
provmce. This poet's residence was on the borders 
of the Lake Aidat, which owed its very existence to 
the damming up of a river by one of the most modem 
lava-currents.* 

The ruins of several Roman bridges, and of the 
Roman baths at Royat, confirm the conclusion that no 
sensible alteration has taken place in the physical 
geography of the district, not even in the chasms 
excavated through the newest lavas since ages his- 
torically remote. We have no data at present for 

i 

* Daubepy on Volcanos, p. 14* 



214 .S0GEI9E VKRWD. |-BMkR 



presuming 'that "any one of the Awrevgne cones 
been pvoduced •rithin <the last four or -five thpusani 
yean ; and lihe same may be 4aid «f 4ho8e -of Velay; 
enily uatil the bones of «aen or articles ^iiuman woric- 
■Mnship are found buried under ^me of their ktas, 
^tead of the i^emains of 49iEtinct amBiaky which -slsDe 
tiave hitherto been met with, me -are justified in tt 
l^arding irt as probable that the latest of 'the volcask 
eruptions may have ocouived dwring the MioceK 
period. 

Sjuffmed 5^^ offAe ff^ 

They who have used the items ^ante^'diiiman as^ 
postdiluvian, in'thejinanner'above Averted to, proceed 
An the assumption that «there are 43lear and oioequivocal 
snacks of the passage >of a general -flood over all pa>ti 
4)f. the /Surface of the ^lobe. It) had long been aques^ 
iion among the ilearned, ^eyen 'befose 4lhe commeDce- 
meat «f geological researches, whether ihe-deluge «f tl^ 
<6oripiureS'Was universal in reference to the whole «ur> 
£ice>of'the globe, or only-so withreiifpeot'toChat portko 
0f it iwhioh was then inhabited '^y 4i|an. > If the Ifttttr 
inteipretation be admissible, it will appear 4vom other 
fttrts .of ithis. work that tbere are two ^^lasses -of ^ 
nomena in the configuration of the earflf s 4urtoi 
whidi might enable uS' to account for -such an event 
<Fir8t,. extensive lakes elevated abpve the level of ^ 
ooean ; secondly, large traets of diy land jdepvesscv 
ImIqw that leveL When there 48 an immense><l^ 
^ving tits 'Surface, l&e 'Lake ^Superior, wised f^ 
hundred i^et above the levelo^the sea, the wi|ter iBCf 
be suddenly let loose by the rending or smking ^offB 
of the barrier during earthquakes^ and hereby a 
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B . extenuve as ibe yaUey of the Mississippi, inhabited 
ly a.popalatidii oftsevecal milltons, might be deluged j* 
>ii Uie other band^ if there be any oountiy plaeed 
rcaaefttb the mean level of 4he ocean, as some 'have 
uppesed to be ibe case with part of Asiaf, the de- 
yressMBad region must be entirely laid under water, 
\£ the tract which separates it from the ocean be "fis- 
sured or ^depresaed to a certain depth. Humboldt 
infesredy from Uie observations of Parrot, llhat a great 
eavity .existed in Western Asia, eighteen thousand 
square leagues in area, and occupied by a oondderable 
population.^ The lowest parts, surroundii^the Caspian 
Sem "vpere said to.be abamt 350 feet below She level of 
the EuKine, — ^h^e, therefore, the diluvial waters mi^ 
overflow the summits of hills rising 850 -feet above the 
level of the plain ; and if depressions still m&re pro- 
found -existed Jn any former time in Asia, the ^ops 
of still loftier mountains .may have been covered l>y a 
flood. § 

» Vol. J. rp. 190. t Vol. III. p. 148. 

I Fnigmens Asiatiques, Paris, 1831. 

§ IVhlle this sheet was passing through the press I received a 
copy of the ** Beise zum Ararat," just published by FrafofMr 
Parrot, of Dorpat ; and was surprised to find tbat be doubts, . nay 
appears wholly to have disproved the fact so long believudion has 
authority, of a difference of Jev^l between the BlaQk Sea and.tlie 
Caspian. The opinion was originally adopted pn the authority > of 
barometrical measurements, made .by him andM* fiogslhaf dt .in 
1811. M. Parrot, bowever, .on revisitif^ Abecowitvy in 1889 
and 1830, was led to suspect..the ^irectaess of hjsionacffobMr'- 
vations on several ground^' one.pf .which only L^iball now .quote. 
Russian engineers had aseertained by acoijffito •TOffmoKmuBfiiOh 
that the Don, at the ..place i»Uc^d. Ji$^tschaliPfik^.'9irhfirQtiti« snlor 
sixty wersts distant from the Wo\g|„is Jl^.^nris^t A(fta.diMK 
the latter river, and th»t the.Pon.lbw»^th-flM]5^igTMilieri8i9idJ{|r 
to the Black Sea than the Wo|ga.doet to ^^ .Cwvisn ; <C0Br- 
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But the great majority of the older commentaton 
have held the deluge, according to the brief account d 
the event given by M oses, to have consisted of a rise 
of waters over the whole earthy by which the summiti 
of the loftiest mountains on the globe were submerged 
Many have indulged in speculations concerning the 
instruments employed to bring about the grand cata- 
clysm ; and there has been a great division of opinion 
as to the effects which it might be expected to have 
produced on the surface of the earth. According tol 
one school, of which De Luc in former times, aod 
more recently Dr. Buckland, have been zealous sop- 
porters, the passage o£ the flood worked a considerable 
alteration in the external configuration of our conti* 
nents. By Dr. Buckland the deluge has been re- 
presented as a violent and transient rush of waters 
which tore up the soil to a great depth, excavateii 
valleys, gave rise to immense beds of shingle, earned 
fragments of rock and gravel from one point to anotber: 
and, during its advance and retreat, strewed tftf 



sequently, if there be a difference of level of the two seas, it lou^ 
be considerably less than ISO feet. Parrot according!/; ^^ 
mined to ascertain the truth, made a series of levellings fromv 
mouth of the Wolga to Zarytzin, 400 wersts up its course, av 
from the mouth of the Don to the like distance. The result «ti 
that he made the mouth of the Don between three and four '» 
loufer than that of the Wolga ! Baron Humboldt, who with o^ 
geographers had given full credit to the former statement of ^' 
rot, refused to admit the validity of these new results, unless t> 
professor was prepared to show that his former observations ^ 
less worthy of confidence. In reply to this, Parrot, in an App«°'^' 
admits that their barometrical instruments used in 1811 were o^ 
quite perfect, that some errors had crept into his calculatioDS)U>^ 
he was suffering from ill health, &c. &c. 
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valleys, and even the tops of many hilk, with allu- 
vium.* 

But I agree with Dr. Fleming, that in the narrative 
of Moses there are no terms employed that indicate 
the impetuous rushing of the waters, either as they 
rose or when they retired, upon the restraining of the 
rain and the passing of a wind over the earth.f On 
the contrary^ the olive-branch, brought back by the 
dovey seems as dear an indication to us that the vege- 
tation was not destroyed, as it was then to Noah that 
the dry land was about to appear. 

1 have been led with great reluctance into this 
digression, in the hope of relieving the minds of some 
readers from groundless apprehension respecting the 
hearing of noany of the views advocated in this work. 
They have been in the habit of regarding the diluvial 
theory above controverted as alone capable of affording 
an explanation of geological phenomena in accordance 
with Scripture, and they may have felt disapprobation 
at an attempt to prove, in a former chapter, that the 
minor volcanos on the flanks of Etna may, some of 
them, be more than 10,000 years old4 How, they 
would immediately ask, could they have escaped the 
denuding force of a diluvial rush of waters? The same 
objection may have presented itself when I quoted, 
with respect, the opinion of a distinguished botanist, 
that some living specimens of the Baobab tree of 

* Buckland, ReHquise Diluvianie. 

t See a Memoir by the Rev. John Fleming, P. D., on the 
Geological Deluge, £din. Phil. Journ., vol. zit. p. 205. His 
opinions were reviewed by the author of the {nresent volume in 
Oct 1827, in an article in the Quarterly Review, No. Ixzii. 
p. 481. 

\ Vol. III. p. 453. 

VOL. IV, I. 
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Africa, or the Taxodium of Mexico, may be 5000 
years old.* The reader may also have been astonished 
at the high antiquity assigned to the greater part of 
the European alluviums, and the many different ages 
to which I have referred themf , as he may have been 
taught to consider the whole as the result of one 9v- 
cent and simultaneotts inundation. 

Professor Sedgwick is inclined to adopt the hypo- 
thesis of M. Eiie de Beaumont, that the sudden ele- 
vation of mountain-chains <* has been followed again Bnd 
again by mighty waves desolating whole regions of the 
earth I ;" a phenomenon which he thinks has ** taken 
away all anterior incredibility from the fact of a reeenc 
deluge." § 

But I cannot admit that there are sufficient geolo- 
gical data for inferring such instantaneous upheavings 
of submerged land as might be capable of causing a 
flood over a whole continent at once* I may also ob- 
serve, that the reasoning above alluded to seems to 
proceed entirely on the assumption that the flood of 
Noah was brought about by natural causes, just as 
some writers have contended that a volcanic eruption 
was the instrument employed to destroy Sodom and 
Gomorrah. If we believe the flood to have been a 
temporary suspension of the ordinary laws of the 
natural world, requiring a miraculous intervention of 
Divine power, then it is evident that the credibility of 
such an event cannot be enhanced by any series of in- 
undations, however analogous, of which the geologist 
ihay imagine that he has discovered the proofs. 

r • See Vol. III. p. 451^ 

t VoL IV. p. 58. { Vol. III. p. 454. 

§ Sedgwick, Anniv. Address to the Geol, Spc, Feb. IStli, 
18S1, 
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For my own part, I have always considered the 
flood, when its universality in the strictest sense of the 
term is insisted upon, as a preternatural event far be- 
yond the reach of philosophical inquiry, whether as to 
the causes employed to produce it, or the effects most 
likely to result from it At the same time, it is dear 
Ihat they who are desirous of pointing out the coin- 
cideoce of geological phenomena with the occurrence 
of sQch a general catastrophe, must neglect no one of 
the circumstances enumerated in the Mosaic history, 
least of all so remarkable a fact as that the olive re- 
mained standing while the waters were abating. 

RecapittdcUion. — I shall now briefly recapitulate 
some of tiie principal conclusions to which we have 
been led by an examination of the volcanic districts of 
Central France. 

Ist. Some of the volcanic eruptions of Auvergne 
took place during the Eocene period; others at an 
eta long subsequent, probably during the Miocene 
period. 

2ndly. There are no proofs as yet discovered that 
the most recent of the volcanos of Auvergne and Velay 
are subsequent to the Miocene period, the integrity 
of many cones and craters not opposing any sound ob- 
jection to the opinion that they may be of very great 
antiquity. 

Srdly. There are alluviums in Auvergne of very 
different ages, some of them belonging to the Miocene 
period. Many of these have been covered by lava- 
currents which have been poured out in succession 
^hile the excavation of valleys was in progress. 

4thly. There are a multitude of cones in Auvergne, 
^elay, and the Vivarais, which have never been sub- 

L 2 
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jected to the action of a violent rush of waters capabk 
^liiodifying considerably the surfiice of the earth. 

5thly; Ify thereforoi r the Mosak deluge be repn 
seated as universal, and as having exercised a violeii 
denuding force, all these cones, several hundred i 
number, must be post-diluvian* 

Gthly* But since the b^inning of the historical en 
or the invasion of Gaul by Julius Caesar, the volcaoi 
action in Auvergne has been dormant ; and there i 
ndthiz^ to countenance the idea that, betweeja. the M 
uaualiy assigned to the Mosaic deluge and the eai^ 
traditional and historical records of Cential Frasci 
(a period of little more than twenty centuries), all o 
any one of the more entire cones of loose scoriae weii 
thrown up. 

Lastly. It is the opinion of some writers, that tb 
earth's surface underwent no great modification at tiij 
era of the Mosaic deluge, and that the strictest iote^ 
pretation of the Scriptural narrative does not warraul 
us in expecting to find any geological monuments li 
the datastrof^e; an opinion whidi would be consisteol 
^with the preservation of these volcanic cones, howerd 
'high liieir antiquity. 
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JBkism of Belgium^ or the Netherlands, — ^The greater 
part of the tertiary formations of the Low Countries 
[n>nsi8tof clay and sand, much resembling those of the 
^MEin of London^ aflerwards to be described ; and the 
ibssil shells are of the same species. 

Aix in Provence, — The tertiary strata of Aix and 
Fuveau, in Provence, are of great thickness and extent, 
the lower members being remarkable for containing 
coal grit and beds of compact limestone, such as in 
England are found only in ancient secondary groups. 
Yet these strata are for the most part of fresh-water 
origin, and contain several species of Eocene shells, 
together with many which are peculiar to this basin. 
It will require a fuller comparison than has yet been 
made of the fossil remains of Aix and Fuveau, before 
we can determine with accuracy the relative age of 
this formation. Some of the plants seem to agree with 
those of the Paris basin, while many of the insects 
have been supposed identical with species now living.* 
These insects have been almost exclusively procured 
from a thin bed of grey calcareous marl, which passes 
into an argillaceous limestone found in the quarries of 
gypsum near Aix. The rock in which they are im- 
bedded is so thinly laminated, that there are sometimes 
more than seventy layers in the thickness of ^n inch. 
The insects are for the most part in an extraordinary 
state of preservation, and an impression of their form 
is seen both on the upper and under lamine, as in the 
case of the Monte Bolca fishes. M. Marcel de Serres 
enumerates sixty-two genera, belonging chiefly to the 
orders Diptera, Hemiptera, and Coleoptera. On re- 

* M. Murcel de Serres, Gteg. des Ter. Tertiairei du Midi de 
U Fnmoe. 

l4 
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viewing a collection brought from Aix, Mr, Curtis 
observes that they are all of European forms, and most 
of them referrible to existing genera.* With the 
single exception of an Hydrobius, none of the species 
are aquatic. The antennscy tarsiy and trophi are gene- 
rally very obscuroi or distorted ; yet in a few the daws 
are visible, and the sculpture, and even some degree 
of local colouring) are preserved. The nerves of the 
wings, in almost all the Diptera, are perfectly distinct, 
and even the pubescence on the head of one of them. 
Several of the beetles have the wings extended beyond 
the elytra, as if they had made an effort to escape by 
flying, or had fallen into the water while on tlie wing.f 
Vicentine. — On the Southern flank of the Alps to 
the north of Vicenza, in Italy, a limestone occurs con- 
taining shells of Eocene species, and in the basaltic 
tuffs associated with this limestone (as at Ronca and 
other places) shells are found which are also identical 
with species of the Paris basin.:^ "^ 

Basins of London and Hampshire, 
The reader will see in the small map above given 
(Fig. 132. p. 222.), the position of the two districts 
usually called the basins of London and Hampshire, 
to which the Eocene formations of England are con- 
fined. These tracts are bounded by rising grounds 
composed of chalk, except where the sea intervenes. 
That the chalk passes beneath the tertiary strata, we 
can not only infer from geological data, but can prove 
by numerous artificial sections at points where wells 

* Murchison attd Lyell. £d. New Phil. Journ., Oct. 1839. 
f Curtis, ibid., where figures of some of the insects are given. 
\ See Ufit of species collected by M. Bou^, and named by M. 
Deshayes, Bull. delaSoc. G^l. de France, tom. iii. p.. 91. 
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liave been sunk, or boring made through the dver* 
lying beds. The Eocene deposits are chiefly marine, 
ind have generally been divided into three groups: 
Lst, the Rastic clay and ^nd, which is the lowest 
^oup ; 2d\y, the London clay; and, Sdly, the fiagshot 
sand. Of all these the mineral composition is very 
simple ; for they consist almost entirely of day, sand, 
and shingle, the great mass of clay being in the naddle, 
and the upper and lower members of the series being 
more arenaceous. ... 

J^ktsHcdaif and sand, — The lowest formation, whidi 
sometimes attains a thickness of from four hundred to 
five himdred feet, consists principally of an indefinite 
nunaber of beds of sand, shingle, clay, and loam, irre- 
gularly alternating, some of the clay being used in 
potteries, in reference to which the name of Plastic 
clay has been given to the whole formation. The beds 
of shingle are composed of perfectly rolled chalk flints, 
with here and there small pebbles of quartz. Heaps^ 
of these materials appear sometimes to have remained 
for a long time covered by a tranquil sea. Dr. Buck* 
land mentions that he observed a large pebble in part 
of this formation at Bromley, to which five full-grown 
oyster^hells were affixed, in such a manner as to show 
that t];iey had commenced their first growth upon it, 
and remained attached through life.* 

In some of the associated clays and sand, perfect 
marine shells are met with, which are of the same 
species as those of the London clay. The line of 
separation, indeed, between this superincumbent blue 
clay and the Plastic clay and sand is quit^ arbitrary, 

as amy geologist may be convinced who examines tha 

. , .... . » 

• GeoL Trans., First Series, vol. W. p. 300.- • ■ 
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celebrated section in Alum Bay, in the Isle of Wighi 
where a distinct alternation of the two groups is ob- 
senrabley each marked with their most characteristic 
peculiarities.* In the midst of the sands of the lowei 
series a mass of clay occurs two hundred feet thick, cod-i 
taining septaria, and replete with the usual fossils oi' 
the neighbourhood of London.f 

The arenaeeous beds are chiefly laid open on the 
confines of the basins of London and Hampshire, r 
following which we discover at many places gitf 
beds of perfectly rounded flints. Of this descrijAGRh 
on the southern borders of the basin of London, 3K 
the hills of Comb Hurst and the Addington biiiST 
which form a ridge stretching from Blackheatb to 
Croydon. Here they have much the appearance ot 
banks of sand and shingle formed near the shores ot 
a tertiary sea ; but whether they were really of littoral 
origin cannot be determined, for want of a sufficient 
number of sections, which might enable us to compare 
the tertiary strata at the edges with those in the cen- 
tral parts of each basin. 

We have ample opportunities in the basin oi^v& 
of examining steep cliffs of hard rock^ which bound 
many of the valleys, and inaumerable excavations^ 
have been made for building-stone, limestone, asd 
gypsum ; but when we attempt to obtain a counts^ 
view of any considerable part of tlie tertiary series 
in the basin of London, we are almost entirely \iad\xi 
to a single line of coast^section ; for in the interior 

♦ See Mr. Webster's Mem<rir, Geol. Trans., toL u., f^ 
Series, and his Letters in Sir H. Englefiekl*s Isle of Wight 

f See Mr. Webster's Sections, plate 11. GeoL Trans., ▼ol' "" 
First Series*. 
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:he r^ular beds are much concealed by an alluvial 
covering of flint gravel spread alike over the summits 
ind gentle slopes of the hills» and over the bottoms of 
:he valleys. 

Organic remains are extremely scarce in the Plastic 
clay ; but when any shells occur they are of Eocene 
species. Vegetable impressions and fossil wood are 
sometimes met with, . and even beds of lignite; but 
none of the species of plants have, I believe, as yet 
been ascertained. 

iMndon day. — This formation consists of a bluish 

or blackish clay, sometimes passing into a calcareous 

marl, rarely into a solid rock. Its thickness is very 

great, sonietimes exceeding five hundred feet * It 

contains many layers of ovate or flattish masses of 

argillaceous limestone, which, in their interior, are 

generally traversed in various directions by cracks, 

partially or wholly filled by calcareous spar. These 

masses, called septaria, are sometimes continued 

through a thickness of two hundred feet, f 

A great number of the marine shells of this clay 
have been identified with those of the Paris basin ; and 
it is quite evident that the strata of these two basins 
belong to the same epoch. 

No remains of terrestrial mammalia have as yet been 
found in this clay ; but the occurrence of bones and 
skeletons of crocodiles and turtles prove, as Mr. Cony- 
beare justly remarks, the existence of neighbouring 
dry land. The shores, at least, of some isWds were ac- 
cessible, whither these creatures may have resorted to 
lay their eggs. In like manner, we may infer the con- 

* Con. and PhiL Outlines of Gcol., p. 33. 
. f OuUinet of Geol., p. S7. ' 
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tiguily of land from the immense number of li^neoiu 
seed*ves8eU of plants^ some of them resemblii^ the 
cocoa-nut; and other spices of tropical r^ions, whidi 
have been found fossil in great profusion in the Isle 
of Sheppey. Such is the abundance of these fruits, 
that they have been supposed to belong to several 
hundred distinct species of plants. 

Bagshot sand. — The third and uppermost group, 
usually termed the Bagshot sand, rests conferoaablj 
upon the London clay, and consists of siliceous sand 
and sandstone devoid of organic remains, with some 
thin deposits of marl associated. From these nun-is a 
few marine shells have been obtained which are in an 
imperfect state, but appear to belong to Eocene species 
common to the Paris basin.* 

Fresh-water strata of the Hampshire basin. — In the 
northern part of the Isle of Wight, and part of the 
opposite coast of Hampshire, fresh-water strata occur 
resting on the London clay. They are composed 
chiefly of calcareous and argillaceous marls, inter- 
stratified with some thick beds of siliceous sand, and 
a few layers of limestone sometimes slightly siliceous. 
The marls are often green, and bear a consider^le 
resemblance to the^een marls of Auvergne and the 
Paris basin. The shells and gyrogonites also agree 
specifically with some of those most common in the 
French deposits. Mr. Webster, who first described 
the fresh-'water formation of Hampshire, divided it 
into an upper and lower series, separated by inter- 
vening beds of marine origin. There are undoubtedly 
certain intercalated strata, both in the Isle of Wight 
and coast of Hampshire, marked by a slight inter- 

* Warburtooi Geol. Trans., vol. i., Second Series. 
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tixture of marine and firesh-waier shells, sufficient to 
aply a temporary return of the sea, before and after 
hich the waters of a lake, or rather, peiiiaps, some 
irge river, prevailed. * The united thickness of the 
*e8h- water and intercalated upper marine beds, ex- 
»osed in a vertical precipice in Headen Hill, in the 
isle of Wight, is about four hundred feet, the marine 
series appearing about half way' up in the dUff. . 

Eocene mammiferoue remaifu. ^•Yery perfect re* 
nains of tortoises and the teetli of crocodiles have 
>een procared from the fresh-water. strata; but a still 
[nore interesting discovery has recently been made. 
The bones • of mammalia, corresponding to those of 
the celebrated gypsum of Paris, have been disinterred 
at Binstead, near Ryde, in the Isle of Wight. In the 
ancient quarries near this town a limestone, belong- 
ing to the lower fresh-water formation, is worked for 
building. Solid beds alternate with marls, wherein a 
tooth of an Anoplotherlum, and two teeth of the 
genus Palieotherium, were found. These remains were 
accompanied not only by several other fragments of 
the bones of Pachydermata (chiefly in a rolled and 
injured state}, but also by the jaw of a z^w species of 
Ruminantia, apparently closely allied to the genus 
Moschtts. f Mr. T. Allan of Edinburgh had several 
years before found the tooth of an Anoplotherlum at 
the same spot. 

These newer strata of the Isle of Wight bear a 
certain degree of resemblance to some of the green 

* See Memoirs of Mr. Webster, Geo!. Trans., vol. ii., First 
'Series; toI. i. part i., Second Series; and £nglefield*s Isle of 
Wight. — Professor Sedgwick, Ann. of FhiL, 1822 ; and Lyell, 
GeoLTranst vol. ii.» Second Series. 

t Pntty Proceedings of Geol. Soc., No. 18. p. 239. 
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marls and limestones in the Paris basin ; yet, as a whok 
no formations can be more dissimilar in mineral cb 
meter than the Eocene deposits of England and Parisi 
In our own island the tertiary strata are more exdo- 
sively marine ; and it might be said that the Parisor 
series differs chiefly from that of London in the ven 
points in which it agrees with the formations of Ao* 
vergne, Canta]> and Velay. The tertiary fbrmatiou 
of England are, in fact, almost exclusively of meek- 
nical origin, and their composition bespeaks the ab- 
sence of those mineral and thermal waters to irhid' 
I have attributed the origin of the compact and sit 
ceous limestones, the gypsum, and beds of pure SiDt 
common to the Paris basin and Central France. 

English tertiary strata conformable to the chalk.'' 
The British Eocene strata are nearly conformable 
the chalk on which they rest, being horizontal whe^ 
the strata of the chalk are horizontal, and vertical 
where they are vertical. On the other hand, tbert 
are evident signs that the surface oi the chalk bail 
in many places, been furrowed by the action oi tbe 
waves and currents, before the Plastic clay and its 
sands were superimposed. In the quarries near Ro* 
Chester and Gravesend, for instance, fine examples 
are seen of deep indentations on the surface of th^ 
chalk, into which sand, together with rolled and aogu- 
gular pieces of chalk-flint, have been swept.* ^^\ 
these appearances may be referred to the action ot 
water when the chalk began to emerge during ^^ 
Eocene period, and they by no means warrant the 
conclusion that the chalk had undergone any coH' 

• Con. and Phil., Outlines of Geol., p. $%• 
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derable change of position before the tertiary strata 
ere superimposed. 

In this respect there is a marked difference between 
le reciprocd relations of our secondary and tertiary 
;>cks and those which exist between the same groups 
broughout the greater part of the Continent, espe- 
:ially in the neighbourhood of mountain-chains. Near 
:he base, for example, of the Alps, Apennines, and 
Pyrenees, we find the newer formations reposing un- 
;onfbrmably upon the truncated edges of the older 
>eds ; and it is clear that, in many cases, the older 
(trata had been subjected to a complicated series of 
novements before the more modern set was formed. 
The newer beds rise only to a certain height on the 
flanks of the mountains which usually tower above 
them, and are recognized at once by the geologist as 
having been already converted into land when the 
tertiary deposits were still forming in the sea. The 
ancient borders also of that sea can often be defined 
with certainty, and the outline of some of its bays and 
sea-cliffs traced. 

In England, although undoubtedly the greater por- 
tion of the tertiary strata is confined to certain spaces, 
we find outlying patches here and there at great dis- 
tances beyond the general limits, and at great heights 
upon the chalk which separates the basins of London 
and Hampshire.* I have seen masses of clay extend- 
ing in this manner to near the edge of the western 
escarpment of the chalk of Wiltshire, and Mr. Mantell 
has pointed out the same to me in the South Downs. 
Near the escarpment at Lewes, for example, there is 
a fissure in the chalk filled with sand, and with a fer- 

* Dr. BttckUind, Geo!. Trans., Second Series, ?oI. it. p. 125. 
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ruginous breccia, such as usually marks the lower 
members of the Plastic day formation. From the occur- 
rence of these tertiary outliers Dr. Buckland inferred, 
<< that the basins of London and Hants were originally 
united together in one continuous deposit across the 
now intervening chalk of Salisbury Plain in Wilts, and 
the plains of Andover and Basingstoke in Hants ; and 
that the greater integrity in which the tertiary strata 
are preserved within the basins has resulted from the 
protection which their comparatively low position has 
afforded them from the ravages of diluvial denuda- 
tion." * 

I agree so far with this conclusion as to believe that 
the basins of London and Hampshire were not sepa- 
rated until part of the tertiary strata were deposited ; 
but I do not think it probable that the tertiary beds 
ever extended continuously over those spaces where 
the outliers above mentioned occur, nor that the com* 
parative thinness of those deposits in the higher chalk 
countries should be attributed chiefly to the greater 
degree of denudation which they have there suffered. 

* Dr. Bucklandy Geol. TranB., Second Seriesi toI.uL p. 126. 
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CHAPTER XXI. 

jOf OF THE ENGLISH EOCENE FORMATIONS ANJ> 
DENUDATION OF THE WEALD. 



In which the English tertiary strata may have originated 

.enudation of secondary strata during their deposition — 

%y of the Weald — Secondary rocks of the Weald divisible 

five groups — North and South Downs — Section across 

r&Iley of the Weald — ■ Anticlinal a^is — Chalk escarpments 

i'sea-cliirs(p. 2S9.)~-B,^ And denudation of the strata 

hial — Parallel ridges and valleys formed by harder and 

'.^ytf'^T faieds —No ruins of the chalk on the central district of 

Wesald (p. 247.) — Double system of valleys, the longitu- 

lal a^Tid the transverse (p. 250.) 



I 



UmEnari^ views.^^lv explanation of the phenomena 
mb«d in the last chapter, I shall now endeavour to 
before the reader a view of the series of events 
sidi may have produced Ae leading geological and 
ographioal features of the south-east of England. I 
liceive that the chalk, together with many subjacent 
cks, may have remained undisturbed and to horizontal 
ratification until after the commencement of the 
'Ocene period. When at loii^h the chalk w^s up- 
eaved wad exposed to &e action of the waves and c«r- 
ents, it waa rent and shattered, so that the subjacent 
econdary strata were soon after exposed to denudation. 
Ilie waste of all these rocks, composed diiefly of sand^ 
tone and clay, supplied materials for the tertiary 
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almost exclusively the remains of fresh-water and am- 
phibious animals. But it is not my intention to enlarge, 
at present, upon the organic remains of these fonn- 
ationsy as the rocks are merely adverted to> in order 
that I may describe the changes of position which they 
have undergone, and the denudation to which they 
have been exposed since the commencement of the 
£ocene period, — mutations which, if the theory about 
to be explained be well founded, belong strictly to tbe 
history of tertiary phenomena. 

By a glance at the map, the reader may trace at 
once the superficial area occupied by each of the five 
formations above mentioned* On the west will be 
seen a large expanse of chalk, from which two branches 
are sent off; one through the hilk of Sturrey and Kent 
to Dover, forming the ridge called the North Downs; 
and the other through Sussex to the sea at Beachy 
Head, constituting the South Downs. The space com- 
prised between the North and South Downs, or, " the 
Valley of the Weald," consists of the formations Nos. 
% 3, 4, 5, of the above table. It will be observed that 
the chalk terminates abruptly, and with a well-defined 
line towards the country occupied by. those older 
strata. Within that line is a narrow band, coloured 
blue, formed by the gault ; and within this again, is 
the Lower green-sand, next the Weald clay; and then, 
in the centre of the district} a ridge formed by the 
Hastings sands. 

Section qfthe Valhiy qf «fe Weaii, — It*has been as- 
certained, by durefgl investigation, that if a line be 
drawn from any part of the North to the South Downs, 
which shall pass through the central group (No. 5.), 
the beds will be found arranged in the order described 
in the annexed section (Fig. 133.). 
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The reader is referred at present to the dark h 
of the section, as the fainter lines represent porta 
of rock supposed to have been carried away by den 
dation. 

At each end of the diagram the tertiary strata,! 
are exhibited reposing on the chalk. In the ccdH 
are seen the Hastings sands (No. 5.), forming an a 
ticlinal axis, on each side of which the other fb 
ations are arranged with an opposite dip. It has Iks 
necessary, however, in order to give a clear vierv 
the different formations, to exaggerate the pif' 
tional height of each in comparison to its horizan 
extent; and a true scale is therefore subjoiDed 
another diagram (Fig. 134.), in order to correct I 
erroneous impression which might otherwise be ma 
on the reader's mind. In this section the ^^ 
between the North and South Downs is represenw 
to exceed forty miles ; for the valley of the W^* 
here intersected in its longest diameter, in the diret* 
tion of a line between Lewes and Maidstone. 

In attempting to account for the manner in whki 
the five secondary groups above mentioned may ^^ 
been brought into their present position, the followini 
hypothesis has been very generally adopted: — Supp* 
the five formations to lie in horizontal stratification 
at the bottom of the sea; then let a movement ^t"' 
below press them upwards into the form of a flatteBe» 
dome, and let the crown of this dome be aftenwff» 
cut off, so that the incision should penetrate to ^ 
lowest of the five groups. The different beds wop 
then be exposed on the surface, in the manner e^ 
hibited in the map, PI. XV.* 

• See illustrations of this theory by Dr. Fitton, Geol SkeK^ 
.of Hastings. 
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Xt; will appear, from former parts of this work, that 
e amount of elevation here supposed to have taken 
ace is not greater than we can prove to have oc- 
irred in other regions within geological periods of no 
eat duration. On the other hand, the quantity of 
iTiudation or removal by water of vast masses which 
'e assumed to have once reached continuously from 
\e 'North to the South Downs is so enormous, that the 
^ader may at first be startled by the boldness of the 
ypothesis. But he will find the difficulty to vanish 
hen once sufficient time is allowed for the gradual 
ad successive rise of the strata, during which the 
'aves and currents of the ocean might slowly accom* 
Usli an operation, which no sudden diluvial rush of 
raters could possibly have effected. 

JEscarpments of the ckalk once sea-cliffs. ^^In order to 
make the reader acquainted with the physical struc- 
:ure of the Valley of the Weald, I shall suppose him 
irst to travel southwards from the London basin. On 
caving the tertiary strata he will first ascend a gently 
nclined plane, composed of the upper flinty portion of 
he chalk, and then find himself on the summit of a 
leclivity consisting, for the roost part, of different 
members of the chalk formation ; below which the 
upper green-sand, and sometimes also the gault, crop 
tmi** This steep declivity is called by geologists " the 
escarpment of the chalk,'' which overhangs a valley 
excavated chiefly out of the argillaceous or marly bed, 
termed Gault (No. 2.). The escarpment is continuous 
along the southern termination of the North Downs, 
and maybe traced from the sea at Folkstone, west- 

* This term, borrowed from our miners, is used to express th» 
comiog up to the surface of one stratum from beneath another. 
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rard to Guildford and the neighbourhotfd of Petert- 
ield, and from thence to the termination of the South 
Downs at Beachy 
Head. In this pre- 
cipice or steep 
slope the strata are 
cut off abruptly, 
and it is evident 
that they must 
originally have ex- 
tended farther. In 
the accompany- 
ing wood-cut (Fig 
135.), part of the 
escarpment of the 
South Downs is 
faithfully repre- 
I ^ sented, where the 
denudation at tlie 
base of the decli- 
vity ha s been Eom e- 
what more exten- 
sive than usual, in 
consequence of the 
upper and lower 
green-sand being 
formed of very incoliert^nt materials, the upper, indeed, 
being extremely thin and almost wanting. 

The geologist cannot fail to recognize^ in this view 
the eiact hkeness of a sea-cliff; and if he turns and 
looks in an opposite direction, or eastward, towards 
Beachy Head(see Fig. 1S6-), he will see the same line 
of height prolonged. Even those who are not accus- 
tomed to speculate on the former changes which the 

VOL. IV. u 
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Burface has undergone may fancy the broad and kvd 
plam to resemUe the flat sands which were laid drybt 
the receding tide, and the different projecting masse 
of chalk to be the headlands of a coast which separated 
the different bays from each other. 

Lower terrace of Jtrestane. — I have said that tlie 
upper green-sand (^'firestone," or <' malm-rock," ask 
is sometimes called) is almost absent in the tract hen 
alluded to. It isj in fact, seen at Beachy Head to tlii 
out to an inconsiderable stratum of loose green-awf; 
but farther to the westward it is of great thiches^ 
and contains hard beds of blue chert and limes 
Here, accordingly, we find that it produces a co 
sponding influence aa the scenery of the country; 
it runs out like a step beyond the foot of the dull 
hillsi and constitutes a lower terrace, varying in breadi 
from a quarter of a mile to three miles, and followioi 
the sinuosides of the chalk escarpment.* 

Fig. 137. 




a. Chalk with flints. b. Chalk without flints 

c. Upper green- sand, or firestone. d, Gault. 

It is impossible to desire a more satis&ctoiy pi^| 
that the escltrpment is due to the excavftting power w 
water during the rise of the strata ; for I have sbovo* 
in my account of the coast of Sicily, in what mano^ 
the encroachments of the sea tend to e&ce that &^ 

* Mr. Murchison, Geol. Sketch of Sussex, &c., GeoL I^ 
Second Series, vol. ii. p. 98. 
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loa of terraces which most otherwise result firom. 
jsuocessive rises of a coast preyed upon by the 
,* During the interval between two eleratorj 
o'v^Mnents, the lower terrace will usually be de- 
roy ed> wherever it is composed of incoherent mate*- 
3lIs ? whereas the sea will not have time entixsely to 
ir ^^p away another part of the same terrace, or lower 
i3Jt.fbrm> which happens to be €onq)osed of rocks of a 
airder texture, and a^ble of offering a firmer reust* 
z^c^G to the erosive action of water. 

T'^€»lle^8 fohere ^ofier HraiOy ridges vfhere harder crop 

M^ It is evident that the gault No. 2. (see the map) 

ot:il<i not have opposed any efiectual resistance to the 
.entxding force of the waves ; its outcrop, therefore, 
s naarked by a valley, the breadth of which is often 
ncreased by the loose incoherent nature of the upper* 
most beds of the lower green-sand, which lie next to 
!ty and which have often been removed with equal 
aeility. 

Tliis formation (the lower green-sand) has been 
sometimes entirely smoothed off like the gault ; but 
XI tliose disUicts where chert, limestone, and other 
solid materials enter largely into ito composition, it 
forms a range of hills parallel to the chalk, whidi some* 
times rival the escarpment of the chalk itself in height, 
or even surpass it, as in Leith Hill. This ridge often 
presents a steep escmpment towards the Weald clay 
wliich crops out from under it. (See the strong lines 
in Fig. 133. p. 237.) 

Xhe clay last mentioned forms, for the most part, a 
broad valley, separating the lower green-sand from the 
Hastings sands, or Forest ridge; but where subordinate 

^ See p. S. and wood-cut No. 87. 
M 2 
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beds of sandstone of a firmer texture occur^ the uni- 
formity of the plain is broken by waving irregularitiei 
and hillocks.* 

In the central r^ion, or Forest ridge, the strata 
have been considerably disturbed, and are greatly 
fractured and shifted. One fault is known where the 
vertical shift of a bed of calcareous grit is no less than 
sixty fathoms, f It must not be supposed that the 
anticlinal axis, which is described as running through 
the centre of the Weald, is by any means so simple as 
is usually represented in geological sections. There 
are, on the contrary, a series of anticlbal and syn- 
clinal X lines, which form ridges and troughs runnii^ 
nearly parallel to each other. 

Much of the picturesque character of the scenery 
of this district arises from the depth of the narrow 
valleys and- ridges to which the sharp bends and 
fractures of the strata have given rise ; but it is also in 
part to be attributed to the excavating power exerted 
by water, especially on the interstratified argillaceous 
beds. 

From the above description it will appear that, in 
the tract intervening between the North and South 
Downs, there are a series of parallel valleys and ridges; 
the valleys appearing evidently to have been formed 
principally by the removal of softer materials, while 
the ridges are due to the resistance offered by firmer I 
beds to the destroying action of water. ' 

RUe and denudation of the strata gradual. — Let us 
then consider how far these phenomena agree with the 

* Martin, Geo!, of Western Sussex. Fitton, Geo!, of Has- 
tings, p. 31. 
f Fitton, Ibid. p. S5» 
\ For explanation of these terms, see Glossary, Vol. I. 
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.aiagek which we should naturally expect to occur 
■ring the rise of the secondary strata. Suppose the 
le of the most violent movementB to have coincided 
tH what is now the central ridge of the Weald valley ; 
that case the first land which emerged must have 
en situated where the Forest ridge is now placed. 
ere a number of reefs may have existed, and islands 
chalk, which may have been gradually devoured by 
e ocean in the same manner as Heligoland and other 
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European ulancb hare disappeared in modem dmes^ai 
related in the second book.* 

Suppose the ridge or dome first elevated to have 
been so rent and shattered on its summit as to give 
more easy access to the waves, until at length the 
masses represented by the fainter lines (Fig, 13&) were 
removed. 1V6 strips of land might then renuun oo 
each side of a channel, in the same manner as the op- 
posite coasts of France and England, composed of dialk» 
present ranges of white cliffs facing each other. A 
powerful current might then rush, like that which now 
ebbs and flows through the Straits of Dover, and might 
scoop out a channel in the gault. We must bear in 
mind that the intermittent action of earthquakes would 
accompany this denuding process, Assuring rocks, 
throwing down cliffs, and bringing up, from time to 
time, new stratified masses, and thus greatly accele" 
rating the rate of waste. If the lower bed of chalk on 
one side of the channel should be harder than on the 
other, it would cause an under terrace, as represented 
in the diagram (Fig. 138.), resemblmg that presented 
by the upper green-sand in parts of Sussex and Hamp- 
shire. When at length the gault was entirely swept 
away from the central parts of the channel, tiie lower 
green-sand (3. Fig. 139.) would be laid bare, and por- 
tions of it would become land during the continuance 
of the upheaving earthquakes. Meanwhile the chalk 
cliffs would recede farther firom one another, whereby 
four parallel strips of land, or perhaps rows of islands, 
would be caused. 

By a continuance of these operations the edges of 
the argillaceous strata, No. 2. (Fig. 139.), would be ex- 

• Vol.lL p. 5B^ 
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Bed to farther erosion by the waTes, and a portion of 
e day, No. 4s would be also removed, and as it 
adually rose, would be swept off from part of the 
bjacent group, No. 5. This last would then m its 
rn be laid bare, and afterwards become land by sub- 
quent elevation. 

TF^ no rum$ of chalk on cmirai duirici.^By this 
leory of the successive emergence and denudation of 
to groups, 1, 2, 3, 4, 5,, ^^ may account for an aflu- 

^ vial phenomenon which 

;2 seems mexplicable on 

1 any other hypothesis. 

^^ The summits of the 

'I ^ chalk downs are covered 

> every where with flint 

I gravel, which is often 
^ '^ entirely wanting on the 

I I siir&ce of the day at 
g f the foot of the chalk 
I ^ escarpment, and no 

^3 f ^ Be traces of chalk flint have 

I ^ I »-^ ever been found in the 

^ alluvium of the central 

district, or Forest ridge. 
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It is rare, indeed, to see 
any wreck of the chalk, 
even at the distance of 

two or three miles from 

O o J c5 1 <* . 

the escarpments of the 

North and South Downs, 

a fact attested by those 

_ _ , road^'Surveyors who have 

diligently sought lor such materials. To this getieral 

rule, however, an exception occurs near Barcombe, 
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about three mSes to the north of Lewes> a place which 
I visited with Mr. ManteU> to whom I am indebted 
for the accompanying section (Fig* 140.). It will be seen 
that the valley at the foot of the escarpment extends, in 
this case, not only over the gault, but over the ** lower 
green-sand " to die Weald day. On this day a thid 
bed of flints, evidently derived from the waste of chalk, 
remains in the position above described. 

When I say that there is no detritus of the chalk 
and its flints on the central ridge of the Weald, I may 
state that I have sought in vain for a vestige of sudi 
fragments; and Mr. ManteU, who has had greater 
opportunities of minute investigation, assures me that 
he has never been able to detect any. Now, whether 
we embrace or reject the theory of the former con- 
tinuity of the chalk and other groups over the whole 
space intervening between the North and South Downs, 
we certainly cannot imagine that any transient and 
tumultuous rush of waters could have swept over this 
country, which should not have lefi some fragments of 
the chalk and its flints in the deep valleys of the Forest 
ridge. Indeed, if we adopt the diluvial hypothesis of 
Dr. Buckland, we should expect to find vast heaps of 
broken flints drifted frequently into the valleys of the 
Gault and Weald day, instead of being generally con- 
fined to the summit of the chalk downs. 

On the other hand, it is quite conceivable that the 
slow agency of oceanic currents may have deared 
away, in the course of ages, the matter which fell into 
the sea from wasting difls. But in order that this ex- 
planation should be satisfactory we must suppose th<it 
the rise of the land in the south-east of England was 
very gradual, and the subterranean movements for the 
most part of moderate intensity. During the last cen^ 
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Y earthquakes have' occasionally thrown down at 
ze whole lines of sea-cliffs, for several miles con- 
uously ; but if this had happened repeatedly during 
) waste of the ancient escarpments of the chalk now 
2ircling the Weald; and if die shocks had been ac- 
npanied by the sudden rise and conversion of large 
itricts into land, the Weald would have been covered 
th the ruins of those wasted rocks, and the sea could 
t possibly have had time to clear the whole away^ 
le reader will recollect the account before given of 
3 manner in which the sea has advanced, within the 
t century, upon the Norfolk coast at Sherringham.* 

JFlg. 141. 




Section qf c^ffk west qf Sketringham, 

cu Crag. 

6. Ferruginous flint breccia on the surfSu^e of the chalk. 

e. Chalk with flin^. 

The beach, at the foot of the cliff, is composed of 
»are chalk with flints, as is the bed of the sea near 
he shore. No one would suspect, from the appearance 
»f the beach at low water, that a few years ago beds 
>f solid chalk, together with sand and loam of the 
mperincumbent crag, formed land on the very spot 
v^here the waves are now rolling ; still less that these 



• Vol. II. p. 25. 
M 5 



250 £0C8irfi i»£ftIOl}. iMkVf. 

same fbrmationi extended, within the last fifty years, 
to a considerable distance from the present shore, 
orer a space where the sea has now excavated a 
channel twenty feet deep. 

As in this recent instance the ocean has cleared 
away part of the chalk, and its capping of crag, so the 
tertiary sea may have swept away not only the dull 
surrounding the valley of the Weald, bat the layer of 
brcrfcen flints on its surface, which was probabij a 
marine alluvium of the Eocene period. Hence these 
flints might naturally occur on the downs, and be 
wanting in the valleys below. 

If the reader will refer to the preceding diagrann' 
(Figs. 138. and 139. p. 245.), and reflect not only oq 
the successive states of the country there delineated, 
but on all the intermediate conditions which the dis- 
trict must have passed through during the process oi 
gradual elevation and denudation before supposed, he 
will understand why no wreck of the chalk (No. 1.) 
should occur at great distances from the chalk escarp- 
ments ; for it i8> evident that when the ruins of the 
uppermost bed (No. 1. Fig. 138.) had been thrown 
down upon the surface of the bed immediately below, 
those ruins would subsequently be carried away when 
this inferior stratum itself was destroyed. And in pro- 
portion to the number and thickness of the groups, 
thus removed in succession, is the probability lessened 
of our finding any remnants of the highest group 
strewed over the bared surface of the lowest. 

Transverse vaUeys, — There is another peculiuity in 
the geographical features of the south-east of England, 
which must not be overlooked when we are consider- 
ing the action of the denuding causes. By reference 
to the map (Plate XV.), the reader will perceive that 
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e drainage of the country is not effected bj water, 
urses following the great valleys excavated out of 
e argillaceous strata (Nos. 2. and 4«), but by valleys 
lich run in a transverse direction, passing through 
e chalk to the basin of the Thames on the one side, 
id to the English Channel on the other. 
In this manner the chain of the North Downs is 
roken by the rivers Wey, Mole, Darent, Medway, 
nd Stour ; the South Downs by the Arun, Adur, 
>use and Cuckmere. * 

If these transverse hollows could be filled up, all 
he rivers, observes Mr. Conybeare, would be forced 
o take an easterly course, and to empty themselves 
nto the sea by Romney Marsh and Pevensey levels.f 
Mr. Martin has suggested that the great cross frac- 
tures of the chalk, which have become river channels, 
have a remarkable correspondence on each side of the 
valley of the Weald; in several instances the gorges in 
the North and South Downs appearing to be directly 
opposed to each other. Thus, for example, the defiles 
of the Wey, in the North Downs, and of the Arun in 
the South, seem to coincide in direction ; and, in like 
manner^ the Ouse corresponds to the Darent, and the 
Cuckmere to the Medway. j: 

Although these coincidences may, perhaps, be acci- 
dental, it is by no means improbable, as hinted by the 
author above mentioned, that the great amount of ele- 
vation towards the centre of the Weald district gave 
rise to transverse fissures. And as the longitudinal val- 
leys were connected with that linear movement which 
caused the anticlinal lines running east and west, so 

• Conybeare, Outlines of GeoL, p. 81. f Ibid., p. 145. 

\ GeoL of Western Sussex, p. 61. 

M 6 



Ch.XX]:] TRANSVERSE VALLET& 253 

the cross fissures might have been occasioned by the 
intensity of the upheaving force towards the centre of 
the line, whereby the e£Pect of a double axis of eleva- 
tion was in some measure produced. 

In order to give a clearer idea of the manner in 
which the chalk-hills are intersected by these transverse 
valleys, I subjoin a sketch (Fig. 14*2.) of the gorge 
of the river Adur, taken from the summit of the chalk 
downs, at a point in the bridle-way leading from the 
towns of Bramber and Steyning to Shoreham. If the 
reader will refer again to the view given in a former 
wood-cut (Fig. 135. p. 24*0.), he will there see the ex- 
act point where the gorge, of which I am now speaking, 
interrupts the chalk escarpment. A projecting hill, 
at the point a, hides the town of Steyning, near which 
the valley commences where the Adur passes directly 
to the sea at Old Shoreham. The river flows through 
a nearly level plain, as do most of the others which 
intersect the h\lls of Surrey, Kent, and Sussex; and 
it is evident that these openings, so far at least as 
they are due to aqueous erosion, have not been pro- 
duced by the rivers, many of which, like the Ouse 
near Lewes, have filled up arms of the sea, instead 
of deepening the hollows which they traverse. 

In regard to the origin of the transverse ravines. 

Kg. 143. 




Suppoted ieditm of Transverte Vaitey, 



there can be no doubt that they are connected with 
Imes of fracture^ and perhaps, in some places, there 
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majr be an anticlinal dip on both sides of the TiBt 
u luf^etted bj Mr. Martin.* But this notaonr 
quiret confirmation 

The ravme, called the Coomb, near Xiewes, t&r 
a beautiful example of the manner m w^hidi nam 




openings in the chalk may hare been connected "v, 
shifts and dislocations in the strata. This cotfc^' 

* GmI. of WtMra Euskx, p. (4. Phle III. fg- 9- 
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;eea on the eaeterA side of the v^ey of the Ouse, 
n the suburbs of the town of Lewes. The steep 
leolivities on each side are coirered with green turf, 
L^ i& the bottom, which is perfectly dry« No omward 
igritf of disturbance are visible ; and the connexion 
>F the hollow with subterranean movements would 
:iot: have< been suspected by the geologist, had not the 
evidetice of gt«at convulsions been clearly exposed 
Lo tkie escarpnient of the valley of the Ouse, and in 
ttie numerous clialk pits worked at the termination of 
the Codtnb. By aid of diese we discover that the 
ravine coincides precisely with a line of fault, on one 
sidle of which the chalk with flints, a, appears at the 
summit of a hill, while it is thrown down to the hot- 
torn, on the other. I examined this spot in company 
viritb Mr. Mantell, to whom I am indebted for the 
accompanying section. 

Fig. 145. 




Fauit in the cl^/fMUs near Lewes. 
a. Chalk with flints. b. Lower chalk.* 

The fracture here alluded to is one of those which 
run east and west, and of which there are many in 
the Weald district, parallel to the central axis of the 
Forest ridge. 

In whatever manner the transverse gorges origin- 
ated, they must evidently have formed ready channels 
of communication between the submarine longitudinal 

• For farther information, see MantdPs GeoL of S. £. of 
England, p. 352. ' 
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valleys and those deep parts of the sea wherem \k 
tertiary strata may have accumulated. J£ the stripi 
of land which first rose had been unbroken, and then 
had been no free passage through the cross fractures, 
the currents would not so easily have drifted swsj 
the materials detached from the wasting^ clifi, ani 
would have been more difficult to understand how tlu 
wreck of the denuded strata could have been so en- 
tirely swept away from the base of the escarpmenu 
In the next chapter I shall resume the consideratii 
of these subjects, especially the proofs of the fonse 
continuity of the chalk of the North and South Downs, 
and the probable connexion of the denudation of tb 
Weald valley with the origin of the Eocene strata. 
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CHAPTER XXII. 

iaiT9^ OF THE ENGLISH EOCENE FORMATIONS AND DENU. 
DATION OF THE WEALD -— COn^tnued?. 

e alternative of the propofiition that the chalk of the North and 
South Downs was once continuous, considered — Dr. Buck- 
land on Valleys of Elevation (p. 259.) — If rise and denu- 
dation of secondary rocks gradual, so also the deposition of 
tertiary strata (p. 267.) — Composition of the latter such as 
-would result from wreck of denuded secondary rocks — 
Central parts of the London and Hampshire basins nearly 
as high as Weald — Why — Curved and vertical strata in the 
Isle of Wight — Eocene alluviums (p. 276.) — Formation of 
valleys — Recapitulation. 

^sctent of denudation in the Valley of the Weald, — '<It 
ould be highly rash," observes Mr. Conybeare, speak- 
ig of the denudation of the Weald, <' to assume that 
L^e chalk at any period actually covered the whole 
pace in which the inferior strata are now exposed, 
ilthough the truncated form of its escarpment evi- 
lently shows it to have once extended much farther 
han at present." * 

I believe that few geologists who have considered 
.he extent of country supposed to have been denuded, 
ind who have explored the hills and valleys of the 
central or Forest ridge, without being able to discover 
the sl^htest vestige of chalk in the alluvium f, will 
fail to participate, at first, in the doubts here expressed 

* Outlines, p. 144. t See above, p..S47. 
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as to the original continuity of the upper Aecondan 
formations over the anticlinal axis of the Weald. P« 
my own part, I never traversed the wide space wbifl 
separates the North and South Downs, without dt 
siring to escape from the conclusions advocated in th 
last chapter; and yet I have been invariably bnxigk 
back again to the opinion, that the chalk was origiDiE| 
continuous, on a more deliberate review of the wW 
phenomena. 

It may be useful to consider the only other if' 
native of the hypothesis before explained. K^ 
marine groups, Nos. 1, 2, S., were not originaH/fl 

Fig. 146. 




1 • Chalk and Upper 1 4. Weald clay. 1 

2 Ga^t*°"^^ V Marine. lpresh.wi» 
d. Lowergreett'^and.J 5. Hastings sands. J 

tinuous^ it is necessary to imagine that they ^ 
terminated at some point between their present # 
goings and the secondary strata of the Forest n^ 
Thus we might suppose them to have thinned out 00^ 
after the other, as in the above diagram, and never t" 
have covered the entire area occupied by the (te^ 
water strata, Nos. 4*. and 5. 

It must be granted, that had such been the on 
disposition of the different groups, they might, as the) 
gradually emerged from the sea, have become defltf^ 
in the manner explained in the last chapter, so tb&( ^ 
country might equally have assumed its preseBtca^i 
figuration. But, although I know of no invincible ^ 
jection to such an hypothesis, there are certsio^f^i 
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appearances whidb fkvour it. If the strata Nos. 4^ 
and 5. had been unconformable to the lower green- 
sand No. S.9 then, indeed, we might have imagined 
that the older groups had been disturbed by a series 
of movements antecedently to the deposition of No. 3.; 
and, in that case, some parts of them might be sup- 
posed to have emerged or formed shoals in the ancient 
sea, interrupting the continuity of the newer marine 
deposits. But the group No. 4*. is c(mformabU to No. 3. ; 
and the only change which has been observed to take 
place at the junction is an occasional intermixture of 
the Weald clay with the superior marine sand, such as 
might have been caused by a slight superficial move- 
ment in the waters when the sea first overflowed the 
fresh-water strata. 

On the other hand, the green-sand and chalk, as 
they approach the central axis of the Weald, are not 
found to contain littoral shells, or any wreck of the 
firesh-water strata, such as might indicate the exist- 
ence of an island with its shores or wasting cliffs. 
Had any such signs been discovered, we might have 
supposed the geography of the region to have once 
borne some resemblance to that exhibited in the dia- 
gram Fig. 146. 

Dr, Buckland on Valleys of Elevation. — We are 
indebted to Dr. Buckland for an able memoir in illus- 
tration of several districts of similar form and structure 
to the Weald, which occur at no great distance in the 
south of England. His paper is intitled, ''On the 
Formation of the Valley of Kingsclere and other Val- 
leys by the Elevation of the Strata which inclose 
them." * 



* Geol. Trans., Second Series, toLU. p. 119. 

# 
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The Tslley of Kingeclere, a few mileB south of New- 
bury, in Berkshire, is about five miles long and two ii 
breadth. The upper and loner chalk (see Eig. 149. *] 
and the upper green-sand dip in oppoaitedir ectiou 
from an anticlinal axis which passes through the nud' 
die of the valley along the line a, b, of the ground-plan 
(Hg. 147.). 




In the wood cut (Fig. 148.) the scale of h 



* Copied b; permiuioD from Dr. Buckland's Flue XVIt., 
Geal. Trani., Second Seriea, Tol.ii. 
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more nearly approaches to that of nature, although the 
altitudes, in proportion to the horizontal extent, are 
even, in this, perhaps, somewhat in eifcess. On each 
side of the valley we find escarpments of chalk, the 
strata of which dip in opposite directions, in the north- 
ern escarpment to the north, and in the southern to 
the south. At the eastern and western extremities 
of the valley, the two escarpments become confluent, 
precisely in the same manner as do those of the North 
and South Downs, at the eastern end of the Weald 
district, near Petersfield. And as, a few miles east of 
the town last mentioned (see Map, Plate XV.), the fire- 
stone, or upper green-sand, is laid open in the sharp 
angle between the escarpment of the Alton Hills and 
the western termination of the South Downs * ; so in 
the valley of Kingsclere the same formation is seen to 
crop out from beneath the chalk. 

The reader might imagine, on regarding the section 
(Fig. 14*9..), where, for the sake of elucidating the geo- 
Fig. 149. *• 




Section across the VaU^ ttf Kingsclere Jirom north to south. 

I. Chalk with flints. 2. Lower chalk without flints. 

3. Upper green-sand, or firestone, containing beds of chert. 

N.B. The lines here are not intended to represent strata. 

logical phenomena, the heights are exaggerated in 
proportion to the horizontal extent,, that tlie solution of 

• See Mr. Murchison's Map, Plate XIV., Geol. Tnns.^ 
Second Series, vol. ii. 
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amtinuity of the strata bounding the Tallej of Kbgs- 
dere had been simply due to elevation and fracture, 
unassisted by aqueous causes ; but by reference to the 
truer scale (Fig. 148.), it will immedntely appear that 
a considerable mass of chalk must have been removed 
by denudation. v 

If the anticlinal dip had been confined to the vallej 
of Kingsclerej we might have supposed that the 
upheaving force had acted on a mere point, forcii^ 
upwards the superincumbent strata into a small doaie- 
shaped eminence, the crown of which had been sub- 
sequently cut off; but Dr. Buckland traced the hue 
of opposite dip fiir beyond the confluence of the chaft 
escarpments, and found that it was prolonged h 
a more north-west direction far beyond the point a 
(Fig. 147.). In following the line thus extended, die 
strata are seen in numerous chalk-pits to have an op- 
posite dip on either side of a central axis, from which 
we may clearly infer Uie linear direction of the move- 
ment. 

Many of the valleys having a similar conformation 
to that of Kingsdere, run east and west, like the anti- 
clinal ridge of the Weald valley. Several of these 
occur in Wiltshire and Dorsetshire, and they are all 
circumscribed by an escarpment whose component 
strata dip outwards from an anticlinal line running along 
the central axis of the valley. One of these, distant 
about seven miles to the north-east of Weymouth, is 
nearly elliptical in shape, and in size does not much 
exceed the Coliseum at Rome. Their drainage is ge- 
nerally effected in a manner analogous to the draini^ 
of the Weald, by an apertinre in one of thrir lateral 
escaipments, and not at either extremity <^ their longer 
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axis, as would have haj^ened had they been simply 
excavated by the sweeping force of rapid water.* 

** It will be seen," continues Dr. Buckland, *^ if we fol- 
low on Mr. Greenough*s naap the south-western escarp- 
ment of the chalk in the counties of Wilts and Dorset, 
that, at no great distance from these small elliptical 
Talleys of elevation, there occur several longer and 
larger valleys, forming deep notches, as it were, in the 
lofty edge of the chalk. These are of similar struc- 
ture to the smaller vaUeys we have been considering, 
and consist of green-sand, indosed by chalk at one ex- 
tremity, and flanked by two escarpments of the same, 
facing each other with an opposite dip; but they differ 
in the circumstance of their other and broader extrem- 
ity being without any such inclosure, and gradually 
widening till it is lost in the expanse of the adjacent 
country. 

^ The cases I now allude to are the Vale of Pew- 
sey, to the east of Devizes; that of the WUy, to the 
east of Warminster ; and the Valley of the Nadder, 
extending from Shaftesbury to Barford, near Salisbury ; 
in which last not only the strata of green-sand are 
brought to the surface, but also the still lower form- 
ations of Purbeck and Portland beds, and of Kimme- 
ridge clay. 

**It might at first sight appear that these valleys 
are nothing more than simple valleys of denudation ; 
but the fact of the strata composing their escarpments 
having an opposite and outward dip ft'om the axis of 
the valley, and this often at a high angle, as near 
Ponthill and Barford, in the Vale of the Nadder, 
and at Oare, near the base of Martinsell Hill, in the 

« Dr. Buckland, GedLTrana., Second Scriei, voLii. p. 129. 



^^«». 



264 EOCENB PERIOD. [BooklY. 

Vale of Pewsey, obliges us to refer their inclinatioo 
to some antecedent violenoe> analogous to that to 
which I have attributed the position of the strata k 
the inclosed valleys near Kingsdere^ Ham, and Bur- 
bage. Nor is it probable that, without some pre-exist- 
ing fracture or opening in the lofty line of the g;reat 
chalk escarpment, which is here presented to tbe 
north*west, the power of water alone would bare 
forced open three such deep valleys as those in ques- 
tion, without causing them to maintain a more equable 
breadth, instead of narrowing till they end in a point 
in the body of the chalk."* 

Now, in the Weald, the strata of the North Dovns 
are inclined to the north at an angle of from 10° to lf^ 
or even 45^, in the narrow ridge of the Hog's Back. 
west of Guildford, in Surrey ; while those in the South 
Downs dip to the south at a slight angle. It is super- 
fluous to dwell on the analogy which, in this resped, 
the two escarpments bear to those which flank the 
valleys above alluded to ; and in regard to the greater 
distance which separates the hills of Surrey from those 
of Susrex, the difficulty may be reduced simply to a 
questio: of time. 

If tht rise of the land was accomplished by an 
indefinite number of minor convulsions, or by a slow 
and ins'' iible upheaving like that now taking place in 
Swede he power of the ocean would be fully ade- 
quate perform the work of denudation in the lapse 
of many ages. If, on the other hand, we embrace the 
hypot ^sis of paroxysmal elevation ; or, in other words, 
suppose a submarine tract to have been converted 
instantaneously into high land, we may seek in vain 

* Dr. Buckland, Geol. Trans., Second Series, ToLiL p« 123. 
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r anjr known cause capable of sweeping away even 
^hose portions of challc and other racks which, all are 
igreed, must once have formed the prolongation of 
he existing escarpments. It is common in such cases 
o call in one imaginary cause to support another ; and 
IS the upheaving force operated with sudden violence, 
o a vast diluvial wave is introduced to carry away, with 
imoBt equal celerity, the mountain mass of strata 
4sumed to have been stripped off. 

Some geologists have endeavoured to account for 
he structure of the districts described as " valleys of 
:levation," by the aid of Von BuchU ' theory of 
' elevation craters," in which case they can dispense 
loth with time and denudation. It would be super- 
luouB to repeat what has been already said of the 
ypkithetical agency here referred to"; but^ it mav 
le well to consider whether the upheaving of small 
lome-shaped masses, such as those described by 
)r. Buckland, implies the development at^n con- 
iderable depth of volcanic forces acting with great 
iolence on limited areas, or mere points of the earth's 
rust. 

A theory suggested by Dr. Fitton iipv^^il jO me far 
lore probable. Suppose a series of liiaio ^1 strati: 
oinposed in great part of sand and fi.ft t'l li'ln repote 
n a foundation of older and more soiEfl tir J^)rtseiiu, 
ig an uneven surface, varied by lulls, it ^^ys, and 
idges, like many parts of the land and b4i<^|'^thc sea. 
f a force acting from beneath should ihtn eitvate tiie 
■rhole mass, the protuberanctss of tin.- suufatifejit rocks 
rould be forced up against (()(> mirc. '^onijvts^iblc: 
trata which fcovered theUi' " 't ;irc6i.ari; 
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might be the same as that which happens on a 
scale in a bound book, when a minute inequality « 
knob in the paper of some page is propagated through 
a great number of others, imparting its shape toal^ 
without piercing through them.* The observatioii! 
of Dolomieu on the manner in which the more yieldioj 
tertiary strata of Calabria were displaced by the gnnili 
during the earthquake of 178S> lends some coontenan^ 
to this theory.f 

In the last chapter I pointed out tlie phenom 
which seem to indicate that the elevation and deni 
ation of land in the south-east of England ^ 
gradual.^: The same arguments are in a great degiej 
applicable to the basins of Hampshire and the Isle \ 
Wight; but Mr. Conybeare has contended thattlj 
verticality of the strata in the Isle of Wight and \ 
Purbeck compels us to admit that the moveme^ 
there was so violent, that the vertical strata, wbid 
have been traced through a district nearly sixty mdi 
in lengthy were brought into their present position bjj 
single convtiision. 

It may well be asked what ground is there forai 
suming that ^ single effort of the subterranean ford 
rather than reiterated movements^ produced that sba^ 
flexure of whidi the verticle strata of the Isle of Wig! 
are supposed to form a part, the remainder of the ai 
having been carried away by denudation ?$ 

It is not improbable that the Cutch earthquflii 
of 1819, befbre alluded to, may have pfliduced ^ 
incipient cctfve, running in a linear direction througj 






• Dr.Pii^'-^ ^' -^X;. Second Series, voL iv. p. 24^ 
1834. ^* 

t sJea«> . 258. ' i Page'244 

§ Se^^ SIsile of Wight, Plate XLII. fig' 
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tract at least sixty miles in leogth.* The strata 
ere upraised in the Ullah Bund, and depressed 
slow the level of the sea in the adjoining tract, 
here the fort of Sindree was submerged. (See Plate 
.) It would be impossible, if the next earthqualce 
lould raise the Bund still higher, and sink to a lower 
3pth the adjoining tract, to discriminate, by any 
solo^cal iuTestigations, the different effects of the 
ro earthquakes, unless a minute survey of the effects 
: the first shock had been made and put on record. 
1 this manner we may suppose the strata to be bent . 
;ain and again, in the course of future ages, until 
u-ts of them become perpendicular. 

To some it may appear that there is a uulty of 
Feet in die line of deranged strata- in the Isles of 
('ight and Purbeck, as also in the central axis of the 
/^eald, which is inconsistent with the supposition ^ ' 
great number of separate movements recurring after 
'ng interralsof time. But we know that earthquakes 
•e repeated throughout a long series of ages, in the 
;me spots, like volcanic eruptions. The oldrst lavas 

Etna were poured out many thousands,. perhaps 
yriads, of years, before the newest, and yet they 
JVC produced a symmetrical mountain j p.nd tf rivers 
'melted matter thus continue to flow, in the same 
rection, and tfiwards the same pointl^, Jbr an in- 
'finite lapse of ages, wliat difficulty is tJiere in con- 
jiving that the subterranean voleanicfiirce,occaBioning 
le rise of fall of certain parts of ^ ■ ♦arth's cruat, 
lay, by reiterated movements.' pctst per- 

!ct unity of result? J' 

If iknudatum of leeondary', ko de- 

oaition of terHary. — It follow* ■"* 

• See Vol. II. p. 237, tf 
N 2 
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examined in this and the preceding chapter, tliat 
subsequently to the deposition of the chalk a lai^ 
region composed of secondary strata has been denudeit 
and that the lapse of many ages must have 
required for the entire 'removal of the materials 
the denuded district. 

It is no less evident that the transported 
must have been depojsited by degrees someivbere eb 
Are there any tracts in the south-east of Englsc^ 
where we find derivative strata composed of a mix 
of such mineral ingredients as would result from 
degradation of the secondary groups Nos. l)2,Vj 
5 ? The tertiary strata of the London and HaiE^ 
shire basins answer well to the conditions required \ 
such an origin, for they consist of alternations of ^ 
riously coloured sands and clays, as do the second^ 
strata from the group No. 5. to No. 2. inclusive. Soi^ 
tertiary green-sand, which occurs in parts of i| 
plastic clay formation in the basins of London f\ 
Hants^, cannot be distinguished miueralogically ^ 
a large part of that which is found in the s( 
ibrmationb below the chalk. 

If it be asked, where do we find the ruiiisofij 
wiiUe chalk among our Eocene strata ? — The answer 
first, that the jfiint pebbles, which are associated in su| 
immense abutidance with the sands of the plastic ci^ 
are derived. •(Evidently from the destruction of cba| 
and contam Qhe same fossils: secondly, that as tot! 
soft, white, ^^Icareous matrix, we may suppose ii 
hav^ been^ ^ ' ^ ^uqed to fine sediment, and to h»' 
contribute , ^tate of perfect solutioD, 

form th* Eocene testacea; or when ro* 

with ' ^^illaceous groups, Nos. 2. &!''' 

\ \irly exposed to denudatioo 
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naj' have entered into the composition of the London 
:Iay, which contains no slight proportion of csicareous , 
natter. In the trag of Norfolk, undoubtedly, we find 
jreat heaps of broken pieces of trhite chalk, with 
ilightly worn and angular flints ; but, in this case, we 
nay infer that the attrition was not continued for a 
ong time ; whereas, the large accumulations of per- 
fectly rolled shingle, which are interstratified with our 
Socene formations, proves that they were acted upon 
or a protracted period by the waves. We have many 
ipportunities of witnessing the entire demolition of the 
:halk on our southern coast, as at Seaford, for example, 
11 Sussex, where large masses are, year after year, de- 
ached from the cliffs, and soon disappear, leaving no- 
ting behind but a great bank of flint shingle* 

It may also be remarked that the white chalk b the 
lorth of England, as in Yorkshire, for example, is 
nuch harder than the corresponding formation in the 
wuthern counties, where it is now so suf^ that we may 
niagine it to have been in the state of mud when 
lubmerged beneath the waters of the sea. A" original 
lifference of this kind in the degree of induration may 
explain the fact, that in certain districbi f^ravel com- 
Kwed of chalk-flint occurs without any pebbles of white 
:halk, while in other regions rounded bo'ulders of white 
;ha!k are plentifully intermixed with p^'bhles of flint. 

The similarity, then, of the mineral r-^redienta of 
■he Eocene secondary strata affur le some pre 

fumption in fevour of this ne' ■ Saving been 

lerived from the wreck of I But it is 

»lso natural to expect, that wh. ins of the 

*'^eaid were emerging, there wgi "ous 

•Vol.11 
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parts of the sea sufficiently deep to receive the iH 
matter. 

Fig. 150. 




We may suppose, that while the waves and ce 
rents were excavating the longitudinal valleys ^ 
and C (Fig. 150.), "the deposits a were thrown li^ 
to the bottom of the contiguous deep water E,^ 
sediment being drifted through transverse fissures,! 
before explained. In this case, the rise of the ion 
ations Nos. 1, 2, S, 4, 5, may have been going ^ 
contemporaneously with the excavation of the vallej 
C and D, and with the accumulations of the strata 
There must be innumerable points on our own coi 
wHere the sea is of great depth near to islands « 
cliffs now exposed to rapid waste, and in all these :! 
denuding and reproductive processes must be goiogi 
in the immediate proximity of each other. 

English Bocene strata rise nearly as high astkei 
nuded seconda^ dtstrids.^^Those geologists who lul 



liithepto regar^Ued the rise and denudation of the 
in the south-e^st of England as events altogether ^ 
terior in date] to the deposition of the London dJ 



will object toj 
certain out!-' 
the centVal- 
attain ve« 
the *•' 
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*~^ foreging reasoning, that not on 

*hes of tertiary strata, but e^ 

^^ndon and Hampshire basil 

- *rable altitudes above the^leveli 

^Xx>ndon clay at HighbeachJ 

ht of 750 feet ; an elevaW 

. .. districts of the chalk and otlM 
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denuded secondary rocks. But these facts do not, I 
think, militate against the theory above proposed, 
since I have endeavoured to show that there must 
have been a long-continued series of elevatory move^ 
ments in a region where both the degradation and re- 
production of strata were in progress. 

In order to explain this view> I shall assume that, in 
the region A (Fig. 151.), the chalk and asso6iated strata 



Fig. 151. 




are raised and converted into land; while in the adjoin- 
ing district, B, a continuous part of the same beds re- 
mains submerged beneath the sea. During the ele- 
vation in A, the mass ecu gradually removed -by de- 
nudation, and its ruins drifted to B, forming the tertiary 
deposit d. The force of water has thus exerted an 
antagonist power ; so that in spite of thp upheaving 
movement, the general outline of the wolm surface, or 
the relative levels of its various parts, ^e not greatly 
altered; for the uppermost part of the viewer deposit 
d rises nearly as high as the remaining s^ummits of the 
. denuded country A. After all these chatiTges and level- 
ling operations, an elevation to tb* . unt of eight 
hundred feet in both the regioni|^ 
the secondary rocks of A to ac * 
height above the level of the sea, 
would attain in B. 

The estimate of Mr. M^ 
aggerated, when he computes 

N 4 



*^uld cause 

>e same 

^eds 
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of Strata removed from the highest part of the Forts 
ridge to be about 1900 feet : so that^ if we restore ti 
Crowborough Hill, in Sussex, the beds of Weald cl» 
lower green-sand, gault, and chalk, which have bee 
removed by denudation, that hill, instead of risB 
to the height of eight hundred feet, would be m 
than trebled in altitude, and be about 2700 feethigb. 
It would then tower far above the highest outlie 
of tertiary strata which are scattered over our cbili 
for Inkpen Hill, in Berkshire, the greatest elevatia 
of chalk in England, rises only 1011 feet above tk 
level of the sea. 

Some geologists, who have thought it necessai;' 
suppose all the strata of the London and Hampshi^ 
basins to have been once continuous, have estimate 
the united thickness of the three marine Eocene grouf 
before described, as amounting to 1300 feet, and lu^ 
been bold enough to imagine a mass of this heights 
have Jbeen once superimposed upon the chalk wbid 
formerlycovered the axis of the Weiild.t Hence tb^ 
-were led to infer . that Crowborough Hill wad odd 
four thous^iid feet high, and was then cut down frcs 
four thousand to eight hundred feet by dUumda^ 

But by adapting the view above explained, that tiv 
Eocene depo^sits originated while the chalk and otbe 
secondary roq:ks were rising from the sea and wastii^ 
away, we shai^lfind it unnecessary to suppose anyre 
moval of forn| ^ons newer than the chalk, fronts* 
central part ^^eald. 

VerticaJ . ^ne Isk of Wight— A line ofvff 

tical aiy' strata, running east and west, ti 

* i^^o. 26., New Series, p. 117. 
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parallel to th^ central axis of the Weald, extends, as 
has been stated, through the Isles of Wight and Pur- 
beck, and through Dorsetshire, and has been observed 
by Dr. Fitton to reappear in France, north of Boulogne. 
The same strata which are elevated in the Weald 
valley are upheaved on this line also ; and in the Isle 
of Wight, all the tertiary strata appear to have par- 
taken in the same movement.* 

From the horizontality of the fresh-water series in 
Alum Bay, as contrasted with. the vertical position- of 
the marine tertiary beds, Mr. Webster was at first led 
very naturally to conclude, that the marine had under- 
gone great derangement before the deposition of the 
fresh-water strata. It appears, however, from the sub- 
sequent observations of Professor Sedgwick f, that 
these appearances are deceptive ^ and that at the 
eastern extremity of the Isle of Wight, part of the 
fresh-water series is vertical, like the marine. Hence 
it is now. ascertained that, as the chalk is horizontal at 
the southern extremity of the Isle of Wight, while it 
is vertical in the centre, of that island, so the Eocene 
strata are horizontal in the north of (he island, and 
vertical in the centre. ' , 

An important corollary is deduced /from the dis- 
covery above mentioned ; namely, that (the convulsions 
which brought the Isle of Wight grou|) into their pre- 
sent position were, in a great part) if n^t entirely^ sub- 
sequent to the deposition . of the freshC water beds, or 
upper members of the Eocene faw' ^ They may, 



* See Mr. Webster's section, Geo' First 

&?ri^s, Plate XI. 

t Anniv. Address to the Geo) *- 

feasor Sedgwick informs me that i 
have recently been confirmed by Pre 

N 5 ' ■ 
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however, have been oontemporeneous with those mon* 
ments which raised the central parts of the LondoE 
and Hampshire basins to their present height Be* 
ferring again to the diagram, Fig. 151. p. 271-, we niai 
imagine the series of elevatory movements in the S.E 
of England to be divided into two parts : first, tbat 
which caused the elevation and denudation oftbe 
central axis of the Weald in A ; secondly, that whB 
uplifted the denuded surface £, together with tk 
tertiary formations dy to their actual height. Nor. 
this last set of movements may have occurred befon 
the close of the Eocene period, and may have prth 
duced that curve in the stratified rocks of the Isle 
of Wight, in which the fresh-water beds there faav^ 
participated. 

At the same time it cannot be denied, that greti 
movements of elevation have been experienced in tbe 
south of England since the Eocene period; as, for 
ex^Uilpk, those by which the crag strata attained tb&' 
present position in Norfolk, Suffolk, and Essex. 1^ 
formation also called by Mr. Mantell the Elephant Be(i 
at the foot oflthe chalk cliffs at Brighton, is not mereij 
a talus of calcareous rubble collected at the base of so 
inland cliff, bultf exhibits every appearance of baviiig 
been spread oiit in successive horizontal -layers by 
water in motioi]^* 

The deposit [alluded to skirts the shores between 
Brighton and J^ottingdean, and another mass app^' 
rently of the^ -^^ age occurs at Dover. The pheno- 
mena appe ^^ to suggest the following coflc'^ 
sions : — " <outh-eastem part of England had 
aca»** nfiguration when the sdo^^ 
p' -ed, the beach of sand d 

^i been thrown up at thebaf^^ 
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the cll& Afterwards the whole coast, or at least that 
part ef it where the elephant bed now extends, sub- 
Fig. 152. 




^. ChaUc with layers of flint dipping -slightly to the south. 

^. Ancient beach, consisting of fine sand, from one to foul* feet 
thick, covered by shingle from five to eight feet thick 
of pebbles of chalk-flint, granite, and other; ropks, with 
broken shells, &c. y ' 

'. Elephant bed, about fifty feet thick, consisting of layers of 
white chalk rubble, with broken chalk flints^ in which deposit 
are found bones of ox, deer, horse, and mnmmoth.* 

jided to the depth of fifty or sixty fefet, and during 
the period of submergence successive (layers of white 
calcareous rubble c were accumulated, ^asto cover 
:he ancient beach b. Subsequetitly- ^^ coast was 



igain raised, so that the ancient sho 
I level somewhat higher than its or 

♦ Mantell's Geol. of S. E. of E' ' 
f See Manteirs Geol of S. J 
I'e-examining the elephant bed in lb 
of its having been a regular subaqueou 

N 6 
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JEooene tdiuviums. — The discovery, before men* 
tioned, of the genera Pal«olherium and Anoplotkeriom 
at Binstead, associated with fossil shells of well-known 
Eocene species, is interesting, as showing that England, 
or rather the space now occupied by part of our island, 
as well as the country of the Paris basin, and Auvergne, 
Cantal, and Velay, were all inhabited, during the 
Eocene period, by a class of land animals of a very 
peculiar type. 

Yet we have never found a single fragment of the 
bones of any of these quadrupeds in our allaviums or 
cave breccias. In these formations we find the bones 
of the mastodon and mammoth, of the rhinoceros, 
hippopotamus, lion, hyaena, bear, and other quadru- 
peds, all of extinct species. Where, then, are the 
terrestrial alluviums of that surface which was in- 
habited by the Paleothere and its congeners ? 

It is difficult to answer this question ; but it seems 
clear that a peculiar and rare combination of favour- 
able circumstances is required to preserve mammifer- 
ous, or induced any remains in terrestrial alluviunas, in 
sufficient quantity to afford the geologist the means of 
assigning the kdate of such deposits. For this reason 
we are scarcely able, at present, to form any conjec- 
ture as to the irelative ages of the numerous alluviiiins 
which cover tloe surface of Scotland ; a country which 
probably became land long before the commencement 
of the tertiaj;;j2^poch8. 

Eatcavatiof ' ^ valleys. — It will be seen that the 
^xcavatioK* valleys in the S. E» of Englmid ha^ 

been t^ ^fly to the ocean. 

^ ^o contend that the valleys in 

- to what they term <' modem 
^riabit of appealing to the fact, that 



/ 
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the rivers in the interior of Englanil are working no 
Bensibte alteratioas, and coold never, in their preaent 
state, not even in millions of years, have excavated . 
the valleys through which they now flow. A false 
theory seems to be involved even in the term "modem 
causes," as if tt could be assumed that there were 
anci^U causes, differing from those which are now in 
operation. But if we substitute the phrase " existing 
causes," vre shall find that the argument now contro- 
verted amounts to little more than this, — " that in a 
country free from subterranean movements, the action 
of running water is so trifiing, that it could never 
hollow out, in any lapse of ages, a deep system of 
valleys, and, therefore, no known combination of exist- 
ing causes could ever have given rise to our present 
valleys 1 " 

The advocates of these doctrines, in their anxiety 
to point out the supposed absurdity of attributing to 
ordinary causes those inequalities of hil! and dale, 
which now diversify the earth's surface, ha'"^ Jao often 
i'ept entirely out of view the many recordt^d exibples 
of elevations and subsidences of land-curing earth- 
quaies ; the frequent Assuring of mountains and open- 
ing ot chasms ; the temporary dammin^op of fivers by 
landslips, followed by their sudden and impetuous 
escape; the deflexion of streams fcom their original 
couFses i and, more important, perhaps,- 'than all these, 
the denuding power of the ocean, 4d)jog the rise of 
continents from the deep. Few of ^ 'inary causes 

of change, whether igneous or k in be ob- 

served to act with their full inte> " place 

at the same ^me; hence it i - Tse 

who have not reSected long 
working of the numerous igne 
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that they are entirdj inadequate to bring about C; 
important fluctuations in die configuration of theeartli'i 
surface. 

JRecapUulaHan. '•^ 1 shall now briefly recapitnlatk 
tome of the principal conclusions to >^hich 1 fap 
arrived respecting the geol<^ of the south-east d 
England, in reference to the nature and origin of thf 
Eocene formations considered in this and the tn 
preceding chapters. 

1. In the first place, it appears that the tertian 
strata rest exdusiv^y upon the chalk, and coDaft 
with some trifling exceptions, of alternations of ciif 
and sand. 

2. The organic remains agree with those of tbe 
Paris basin ; but the mineral character of the Eaglis^ 
tertiary deposits is extremely different, those rocks is 
particular which are common to the Paris basin and 
Central France being wanting, or extremely rare i& 
England 

d. 1'%^ ilnglish Eocene deposits are generally co^ 
formable to 'the chalk, being horizontal where thebe^ 
of chalk are-liorizontal, and vertical where they aif | 
vertical ; so thitt both series of rocks appear to have 
participated mWarly the same movements. ' I 

4. It is not 'possible to define the limits of tbe 
ancient borders ;of the tertiary sea in the south-east o^ 
England, in thie same manner as can be frequently 
done in those, c^'^ntrieswheris the secondary rockBare 
unconformabl ^ the tertiary. 

5. Althc ^ tertiary deposits are chiefly con^^^ 
to the ,t» 'the basins of London and Hamp- 
•hir** ' •« of them are, nevertbaJfi«y , 
f' ' highest summits of the ^ 

/these basins. i 
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»• These outliers, however, do not necessarily prove 
t the great mass of tertiary strata was once con- 
lous between the basins of London and Hampshire, 
i over other parts of the south-east of England now 
upied by secondary rocks* 

'• On the contrary, it is probable that these second- 
districts were gradually elevated and denuded, 
sn the basins of London and Hampshire were stilL 
•marine, and while they were gradually becoming 
id up with tertiary sand and clay. 
\. If, in illustration of this theory, we examine one 
the disfricts thus supposed to have been denuded, 
find in the valley of the Weaid decided proofs, 
t an immense mass of chalk and other secondary 
[nations has been removed by the force of water. 

9. We may infer, from the existence in the Weald 
large valleys along the outcrop of the softer beds, 
i of parallel chains of hills where harder rocks come 

to the surface, that water was the removing cause; 
d from the shape of the escarpments present^jd by 
5 harder rocks, and the distribution of alluvium, we 
vy also conclude that the denudation wa« successive 
d gradual during the rise of the strata* > 

10. The materials carried away from '^the denuded 
stricts were probably conveyed into the^ depths of the 
ntiguous sea, through channels prodijiced by cross 
ictures which have since become rivcrTfchannels, and 

« 

t>ich now intersect the chalk in a dii<j»<^Von at right 
igles to the general axis of elevation ' "i country. 

11. The analogous structure of thi *" Kings- 
ere, and of other valleys which '• '^t, 
&e the valley of the Weald, bi 

xords with the hypothesis, th 
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duoed by the denuding power of water co- operating 
with elevatory movements. 

12. The mineral composition of the materials thus 
supposed to have been removed in immense abundance 
from the valley of the Weald, are such as would, by 
degradation, form the English Eocene strata. 

13. The movements which threw the chalk and the 
tertiary strata of the Isles of Wight and Purbeck into 
a vertical position, were subsequent to the formation 
of the Eocene fresh -water strata of the Isle of Wight, 
but may possibly have occurred during the Eocene 
period. 

]4<. But some movements of land in the south of 
England must have been posterior to the deposition of 
the crag; and the ancient beach, together with the 
*< elephant bed " at Brightous seem to imply a subsi- 
dence and elevation of comparatively modem date. 

I5« The masses of secondary rock which have been 
removed by denudation from the central axis of the 
Welfrd wx)uld, if restored, rise to more than double the 
height now attained by any patches of tertiary strata 
in. England. 

16^ If, therefore, the Eocene strata do not appear to 
occupy a raijich lower level than the secondary rocks 
from the destruction of which they have been formed, 
it is perhap^ because the highest summits of the 
secondary foiimations have been cut bff daring the rise 
of the land^ a/)d thrown into those troughs where we 
now find th ;^rtiary deposits. 
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CHAPTER XXIII. 

FORMATIONS COMMONLY GALLED 8BC0NDARY AND 

TBAN8ITI0N. 

icient and xnoclern classiB cation of fossiliferous strata — Form- 

ations commonly called secondary and transition — Tlie di- 

visioas usually adopted not of equivalent value — Sketch of the 

principal groups — Cretaceous group (p. 284.) — No spedet 

common to the secondary and tertiary rocks — Chasm between 

the £ocene and Maastricht beds — Duration of secondary 

periods — Wealden strata — Their relation to the marine groups 

above and below — Portland ** dirt bed ** — Oolitic group 

(p- 298.) — Lias — New red sandstone — Zechstein — Carbon- 

iferous group — Old red sandstone — Transition formations — 

R,ock called Greywack4. 

T i¥as stated in a former chapter that th^ first rude 
ittempt to classify rocks in chronological order was 
hat according to which they were arranged in four 
rroups called primitive, transition, secondary, and ter- 
tiary — the transition and secondary pom|prising all the 
stratified fossiliferous formations older ^ilp the tertiary. 
These ancient divisions, although r • >Ret obsolete, 
have gradually become iess and less / represent 

the present state of our knowledge. 1 3r sup- 

posed that each of the four sections ^^^nt 

importance, or, in other won* 
comprised a series of monui 
portions of the ancient history > 
however, imagined that they foil 
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regular chronological order, and that the primary were 
always older than the transition ; that the transition were 
more ancient than the secondary, and the secondary 
than the tertiary strata. That this opinion, though 
generally correct, is not strictly true in regard to the 
entire series called << primary," whether stratified or 
unstratified, will appear in the sequel.* 

The fossiliferous strata have been variously grouped, 
according to the comparative value which different 
geologists have attached to different characters ; some 
having been guided chiefly by the thickness, geo- 
graphical extent^ and mineralogical composition of par- 
ticular sets of strata; others, by their organic remains. 
All, however, seem now agreed that it is by acombination 
of these characters that we must endeavour to decide 
which sets of strata should be entitled to rank as prin- 
dpal and independent groups. The following is an out- 
line of the arrangement adopted in this work, which 
will be more fully explained by the Tables at the ^id 
of this ^id the 27th chapter : — 

1 . Tertiary, or supracretaceous f - Tertiary. 

2. Cretaceous 
S. Wealdej 

4. Oolite, vpper, middle, and lower 

5. Lias 

6. New reef sandstone and muschelkalk 
7- Magnet- -^ limestone and zechstein 

8. Car> ^rous - - - 

9. O^ >ndstone 



^Secondary. 



la Beche has used the term "supracre- 
/ving that the strata so called are superior 
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O. Ludlow rocks 1 Upper 

2. Wenlock limeBtone J Silurian 

2. Caradoc sandstones -1 Lower 

3. Llandeilo flags J Silurian* 

4. FoBsiliferous Gre;wack£ 

The third group, however, of the above list, or the 
ealdeu forraatioii, although locally of great thickness 
the south-east of England, is so partial a deposit 
at some geologists think it should be merged in the 
lite, others in the cretaceous system ; to both of 
lich propositions there are objections, as will after- 
ards appear. The fillh group, or lias, would by many 
! included in the oolites. The old red sandstone has 
lually been classed as the lower part of the carboni- 
rouE series ; but the fossils recently found in it are 

I distinct from those of tlie coal, and, on the other 
md, fiom those of the underlying Ludlow rocks, that 

seems fairly entitled, on these grounds as well as 
om its great thickness in parts of England Bt^^cot- 
jid to stand as a separate section. ,' 

Among other objections to the abovd classification 
may be said that the tertiary group, comprehending 

II the deposits from the Eocene strata lo tjie Newer 
liocene inclusive, is of greater imporian ce than many, 
f the other divisions. It may al^u he siiiggested thut 
he oolitic formation might admit of tiirs.'g sulidiviaiong, 
ach as much entitled to rank as an ini' -^"nt forra- 
tion as the lias. The following woul' be a 
learer approximation to an arranger ■ the 
eading divisions would be of eo- ' 

oated by the successive chang^ 
)y the imbedded fossil remains ant. 
3xtent and thickness of the stratc.- 
• For eipliuudoa of the term " Silu 
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I 

1. Pliocene. 12. Alagnesian limestooe a 

2. Miocene. Zechstein. 

3. Eocene. * 13. Carboniferous formati(B. 

4. Maestricht and Chalk. 14. Old red sandstone. 

5. Green sand. 15. Ludlow rocks. 

6. Wealden. 16. Wenlock limestooe. 

7. Upper Oolitp. 17. Caradoc sandstone. 

8. Middle Oolite. I B. Llandeilo fia^s. 

9. Lower Oolite. 19. Fossiliferous Greywackt 

10, Lias. 

1 1 . New red sandstone and 

Muschelkalk. 

It is not my intention to enter at present upon 
detailed description of the fossiliferous formations o/i 
than the tertiary, the elucidation of which might d 
occupy another vohime. The observations about tok 
offered have chiefly for their object to show how far tin 
rules of interpretation adopted for the tertiary ^^ 
ations are applicable to the phenomena of the olii^ 
aedirti^nt^ry rocks. 

PRINCIPAL 'GROUP& (Descending Series.) 

1, CretaceoiAs Group. — Strain from the ChcHkoj^^ 
tricht to thk Lower Green-sand inclusive. — F. Tab)? J 
p. 309. 

The principal subdivisions of this group, as it occb^ 
in England M^ in several countries of the North «! 
Europe ^r ^^^ found on consulting Table I. Groups 
Thev ^number, namely ; — 1 . the Maes '^' 

be^ * -Ik with flints, — 3. the chalk 

"* ''^, green-sand, — 5. the gault,' 

^nd. The newest of these dep^^ 
, Peter's Mount, Maestricht, 
reposing on the upper flinty 
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Bngland and France. It is a Boft yellowish stone, 
very unlike chalk, and "includes siliceous masEesi 
ich are much more rare than those of the chalk, of 
ater bulk, and not composed of black flint, but of 
rt and calcedony." * 

t is characterized by a peculiar assemblage of 
anic remains, perfectly distinct from those of the 
tiary period. M. Deshayes, after a careful compa- 
>n, and after making drawings of more than two 
!idred species of the Maestriclit shells, has been 
able to identify any one of them with the numerous 
tiary fossils in hie collection. On the other hand, 
sre are several shells which are decidedly common 
the calcareous beds of Maestricht and the white 
alk ; as, for example, the twelve following species, of 
lich the names have been commonicated to me by 
. Deshayes i — Catillus (Inoce ramus) Cuvieri ? (spe- 
mens imperfect), Plagiostoina spinosa, P. Mujieri, 
Bcten tragilissimus, Ostrea vesiculam, 0, cHrniata. 
rania Parisiensis, Terebratula octoplicata, "T: carnea, 
'■ pumilus {magus, Sow.), T. Dtfrancii, I^lenmites 
lucronatuB. 

But the fossils of the Maestricht bodt extund not 
lerely into the white chalk of the Freiw-'^ geologists, 
Mt into their " chloritic, or green-sand," which corre- 
pondg with the upper green>aaud of the Kt^luh geolo- 
;ist8. The full owing five specie >i of a(Tj»''t,liave been 
ecognized by M, Deshayes as comnt' "aes- 

^icht beds and the upper green-i 
flagiostoma spinosa, Ostrea vesir 
Belemnites mucronatus, and Br 
Count Munster has shown i. 

• Fiiion, Proceed ingi of G«dI. Soc., lb 
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the white and flinty chalk before alluded to, has been 
elucidated in diagram Fig. ISS. p. 237. The fossils 
of the inferior arenaceous and argillaceous groups are 
upon the whole very different Irom tho»e a^ the chalk 
before described, but there are many species common 
to these two great divisions. 

The testacea obtained from the entire cretaceous 
system amount to about one thousand; and if for tk 
sake of classification, we refer every set of strata in 
Europe which are characterized by these organic re- 
mains to one period, we immediately compreh«idin 
it rocks of every variety of mineral composition) yet 
which always occupy a determinate place in the order 
of superposition intervening between the tertiary strata 
and those of the Oolitic period. 

In the cretaceous group, thus distinguished, we behold 
in the Pyrenees and in Spain compact and crystalline 
marbles, masses of gypsum and salt, puddingstones, 
red. sandstone, thin shales and grits, containing im- 
pressibns of marine plants, and other rocks, to which 
there il^ nothing analogous in formations of the same 
age in northern Europe. 

It appears, by the researches of MM. Boblaye and 
Yirlet^ t^t in the Morea a great cretaceous system 
occuis, ctvnposed of compact and lithographic lime- 
stones o'V'^eat thickness; also of granular limestones, 
with ' *;i" .' : j^od in some districts, as in Messenia, a 
' ' » with a siliceous cement more than 1600 

'SS.* 

' ^serve these geologists, from the great 

f.eand nummulite limestone, a rock 

..lie satDe era, that the South of Europe was 

uU. de la Zoc,G4o\, de France, tom.iii. p. 149. 
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Hi[ij£d At Ae period of tbe crietaceous dcpodtknc 
so immense sea, wUch extended fivm the Atbotic 
esn into Asia, and compreheDded die South of 
mce, together wiUi ^■in, Sicily, part of Italy, and 

Austria^ Alps. Dalmatia, Albania, a portioD of 
ris. the i^es' of tlie .^ean, coaata of Ilirace, and 
' Troad, 
The plan ts found in the cbalk of England and France 

chiefly marine. Some wood ha* been occasionally 
t with, both in the chalky rode and its flints, having 
appearance of being drifted, and commonly marked 
h the perforations of boring shells, such as the 
'edo and Fiatulana.* In Sweden, M. Nilison has 
nd beds of lignite associated widi our common 
Ik Ibiailsf ; so that we may conclude that foreste 
w on tbe lands of this pmiod, wherever these may 
e been placed ; but as yet ^ir site is mere matter 
:onjecture. 

The teatacea, zoophytes, Crustacea, and iishes, are 
rine, and no bones of mammiferous c]uadrit|ieds 
birds have yet been discovered ; but in the Maes- 
'M beds large turtles have been found, and a 
antic reptile, ihe Mosasaurus, or fossil Mtnitor, ot 
lestricht, some of the vertebrfe of whi/h appear 
t> in the English chalk.J The ostcolugiftail tharac- 
s of this oviparous quadruped prove it i^ t^i-fe Seen 
ermediate between the living Hon i ior&«<»> 
i, from the size of the Jiead, verteb 
les, it ii supposed to have been t? 
'gth. 
[n reviewing the facts ab«ve leo 

• Mulell, Oral, of S. E. of England, p.iK 
t Petriflau SuecwiR, 1B£T. 
t S«e ]UBDtdl'i Gtol. of S. £. of Ebglaod. 
VOL. IV. o 
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cftil attention to the important circumstance that oo 
species of fossil shell has yet been found oonunon to 
the secondary and tertiary formations; a fact stated on 
the authority of M. Deshayes, who assures me that 
he has seen no ^arOary shells in the Gosau beds, sup- 
posed by some geologists to be intermediate between 
the secondary and tertiary formations. On the other 
hand, some of the most characteristic q>ecies of 
Gosau occur in the green-sand beneath the chalk, at 
Ciplyt south of Mons, in Belgium, and at some 
neighbouring places which. I have visited. CouDt 
Munster also iafbrros me, that the zoophytes which 
he possesses from the Gosau beds differ apecificaliy 
from any which he knows as tertiary. I mention ^ 
in the hope that the identifications which have been 
made of Gosau and tertiary species may be re-examined 
with scrupulous care^ for» if confirmed, they would be of 
the greatest theoretical interest. 

This marked discordance in the organic remains of 
the two series. is not ccmfined to the testacea, but 
extends, so far as a careful comparison has yet been 
instituted, to all the other departments of the animal 
kingdoi^and to the fossil plants. Dr. Agassiz, whose 
great work on fossil fish is now in progress of publi- 
cation, has discovered no species of fish common to 
the seccindwy and tertiary rocks. 
Thpr^ an^arsy then, to be a greater chasm between 
remains of the Eocene and Maestricht 
-^tween the Eocene and Recent strata; 
ne living shells in the Eocene form- 
ire no Eocene fossils in the newest 
^.Gup. It is not improbable that a longer 
jf time may be indicated by this greater 
larity in fossil remains. In the 3d and 4tb 



I- XXIII.] WEALDEN STRATA. 291 

[:ia.pters I endeavoured to point out that we have no 
g^ht to expect, even when we have investigated a 
reater extent of the earth's surface, that we shall be 
jle to bring to light an unbroken chronological series 
r monuments from the remotest eras to the preseD^; 
at, as we have already discovered a long succession 
f deposits of different ages, between the tertiary 
roups first known and the recent formations, so m'c 
lay, perhaps, hereafter detect an equal, or even 
reater series, mtermediate between the Maestricht 
nd. Eocene strata. 

The different subdivisions of the cretaceous group 
Mo. 1.), extending from the chalk of Maestricht to 
lie lower green-sand inclusive, may, perhaps, relate 
o a lapse of ages as immense as the united tertiary 
periods, of which the eventful history has been 
ketched in this work. Such a conjecture, at least, 
eems warranted, if we can form any estimate of the 
[uantity of time, by comparing the amount of vit;is-' 
itude in animal life which has occurred. dicing its 
apse. ' i 

L The Weaikkny or the Straia fr&m the Weaik Chy t^ 
the Purbech Limestone inclusive. — G, T'^ble I. p. S09. 

It will be seen by the Table I. p. 3^$., ttat in the 
>outh of England this group may be divXjfed^nto three 
brmations — the Weald clay, the Hastir ' and 

he Purbeck beds, which are all charf 
e mains of fresh -water animals; wher/ 
trata which are superimposed u^' 
he south-east 6f England, coi 
species.* 

* The term Wealden was suggested by Mr. 
>e found of great ooDTenience. 

o 2 
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The position of these beds has been mdicated in 
diagram Fig. 133. page 237.> and the map (Plate XY.) 
will show the supeificial area occupied by them in 
Kent, Sussext Surrey, and Hampshire. It must not 
be supposed, however, that they terminate at the 
points where they happen to be covered by the creta- 
ceous system*. The same group has been ascertained 
to extend from west to east (from Lulworth Cove to 
the boundary of the Lower Boulonnois), about 200 
English miles ; and from north-west to south-east 
(from Whitchurch to Beauvais), 220 miles ; the depth 
or total thickness of the beds, where greatest, bc^ 
«bout 2000 feet.* The general appearance of the 
days and sands, and of the 8i;^rdinate beds of lime- 
atone, grit, and shale, and of the imbedded shells, 
recalls so precisely that of many tertiary formations of 
fresh-water origin, that it is only afler having deter- 
mined the species of organic remains that we recognize 
a discordance in character as great as might have been 
anticipated when strata above and below the chalk 
were compared. 

The- vegetable remains belong, some of them, to 
plants Wttiteh appear to Inrve held an mterme^te place 
between th^lj^quiseta and Palms, as the Clatbcaria 
discovered by [Mr. Mantell ; while others approach to 
arborescent fevns, the species being very peculiar, and 
not Vnc vva in »ny other deposit, whether of higher or 

of the Wealden. are almost exclusively 

is usual in assemblages of fresh-water 

' 3s only are found, while the indi- 

i-y numerous, sometimes forming the 

' l^tton's Geoi^ of Hastiogi, p. 58. 

t Mantell, Gcol. of S. £. of Ei^Und, «hap. xi. 
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cipal componeDt of entire bedgofliacitoac. Sbdb 
he Cjpris, also^ a fresh-water aaiaial, liefive moi* 
ed as occurring in the lacustrine d ep os it s ef 
ergne» are pn^isdy distribiitad tkroogbont the 
ilden. Of this genus serefil ipecies have been 
overed and ^^ored by Dr. Ktton.* 
ome fish, also, of fiinnsreseinUJng knoim flonstie 
era, have been met with; hot the wmmmM ai te^ 
\ present the most re maihabie ftaliiw m ^hm 
ip. Some of diese bdoog t» turtle^ sock as the 
>nyx, a genus now o ocufii a g in ficih wsKr m tn^ 
il r^ons: others are referrible to diegoms Enjs^ 
Saurian lizards there are at least fire geneia; the 
codOe, Plesiosanr, M^ahisaor, IgnswoiWij and 
Iseosaur; The Iguanodon, of which the 
e first discovered bj Bfir. Mantd^ 
s reptfle, and was regarded bj Covk 
>rdinary than any with iHuch he 
the teeth, though beariag a gieat aaakgr as the 
dern Iguanas which now frc qa cat th^ fopt^caf 
3ds of Americaand the West Ia£es, ezfaibh uaj 
ildng and important iktenmen. It appears that 
7 have been worn by masticatioa ; ^rterc« the 
^ting herbivorous re^d^ dap aad^ gr«aw^df fht 
^etable productions on aiiidi they fec^-i b>4 do 
ew them. Thw teeth, when w0h^ i*w*nt an 
arance of havbg been chipped c^, iS^ 
2 fossil teeth of the ^oanodon, hare 
i*face, resemt^g the grinden of ' 
^^ia.f From the huge bones, 
rs near these teeth, and fiurf> 

* ^ Trans^of GetL Soc, wt iv,, ittn 
ess. 

t Mantell, GeoLoT & E. of Efl^flid, f^r7. 

o 3 
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to the none wiimal, it i> computed that the emi 
length of this reptile could not have been less & 
KTGDty feet. 

The bones of birdB h&ve been found in the Wealdc 
but in no part haa anjr fitiginent of the skeleton ol 
munmiferoui quadniped been obtained. With tt 
exception, to which I shall presently revert, the stn 
of the Wealden [weaent sudi diarscters as we mi; 
look for in die depOMts of the deltas now forming 
the mouths of large riven in trojMcat climates. 

The Wealden, as was before explained, ii tmtn 
by the marine cretaceous system, and reposes up 
another, whidi is, in like manner, a purely mm 
depout; namely, the uppermost member of the Odi 
or group H, Table I. p. SIO. 

Tliis inlercalaiioii of a. great fresh-water fomu;' 
i afj/^ae origin is a remarket 



fact, and attests, in ^ 


^■l manner, the great ei'^ 


of former revoliitto^H 


^^Kiposition of sea and li 


In Uh^- sections ifl 




and crc-taceous sy^H 


W- the beds of t!). ' 


grecn-sand hv^ebfl 


H 1 repose contl-. 


u{>on thos^y^|fe||^^| 


P 1 clay. Th..-> 


indicRtio^^^^B 


otljMH^b 


chanjTL ^ 


Jj^^^^H 


to thA' \ 


^^^^^H 
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the Portland gtone, which abounds with Ammonites, 
Trigoniw, and other marine shells. Between the two 
formations there intervenes " a layer, about a foot in 
thickness, of what appears to have been an ancient 
■vegetable soil ; it is of a dark brown colour, contains a 
large proportion of earthy lignite, and, like the modern 
soil on the surface of the jgJand, many water-worn 
stones. Tliis layer is called the " dirt-bed " by the 
(juarrymen; and in, and upon it, are a great number 
of silidiied trunks of conirerous trees, and plants allied 
to the recent a/c<u and zamia. Many of the stems of 
the trees, as well as the plants, are still erect, as if 
petrified while growing undisturbed in their native 
forest ; the trees having their rooU in the soil, and 
their trunks extending into the superincumbent strata 
of limestone."* 

Traces of this vegetable earth, occupying the same 
relative situation, have been observed by Dr. Htton in 
tbe cUfl^ "'- the Boulonnois, on the opposite cfiast of . 
i^Jgoue^'f I^. Buckland aud Mr. De la Beche.^ave 
sVJ asf?^''^'"^'^ tlia' ™a"y "f tlie stumps ui lit-ee rt- 
„ er'^^'^'' "'''' their roots attached to the black soil 
j/^> ihey grew, their upper part being 'imbedded 

LI r-sione; from which they i.Yiw, " th^'^ *'"^ 

iibiacent Portland Btonv. was &r Bome 
y a fores' ■"' n-nhably 
ppif 
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to the same animal, it is. computed that the endre 
length of this reptile could not have been less ths 
seventy feet. 

The bones of birds have been found in the Wealde: 
but in no part has any fragment of the skeleton ofi 
mammiferous quadruped been obtained^ With thit 
exception, to which I shall presently revert, the stna 
of the Wealden present such characters as we migr: 
look for in the deposits of the deltas now forming t 
the mouths of lai^ rivers in tropical climates. 

The Wealden, as was before explained^ is covere. 
by the marine cretaceous system, and reposes upc 
another, which is, in like manner, a purely mam 
deposit; namely, the uppermost member of the Oolite 
or group H, Table I. p. SIO. 

This intercalation of a great fresh-water fbrmatici 
between two others of marine origin is a remarksltf 
fact, and attests, in a striking manner, the great exten 
of former revolutions in the position of sea and lad 
In Ujt^^. sections where thejuncdon of the iresh-wats 
and crcitaceous system is seen, the beds of the lovtr 
green-sund have been observed to repose confbrmab^ 
upon thoso^ of the subjacent- Weald clay. There isu 
indication of ^disturbance : *^ To all appeanmce tb 
change from trie deposition of the fresh-water reaak 
to that of the > marine shells may have been effedej 
si*>- ^ *^Y^nquil submersion of the land to a greal^ 

the surface of the waters."* 
^ contact of the inferior division of 
^cck beds," with the more anci 
^, f curious phenomenon is obsei 
ter calcareous strata repose, both in P< 
Purbeck, upon the oolitic limestone, 

* Dr. Fitton, G«oI. of HastiDgs, p. 28. 
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the Portland atone, which abounds with Ammonitet, 
Trigonise, and other marine shells. Between the two 
formations there intervenes " a layer, about a foot in 
thickness, of what appears to have been an ancient 
vegetable soil ; it U of a daric brown colour, contains a 
large [»>jportiQn of earthy lignite, and, lilce the modem 
soil on the surface of the island, many water-worn 
atones. This layer is called the " dirt-bed " by the 
ijuarrymen ; aod in, and upon it, are a great number 
of siliciiied trunks of coniferous trees, and plants allied 
to the recent a/cat and xamia. Many of the stems nf 
the trees, as well as the plants, are still erect, as if 
petri6ed while growing undisturbed in their native 
forest: the trees having their roots in the soil, and 
their trunks extending into the superincumbent strata 
of limesUme."* 

Tracea of this vegetable earth, occupying the same 
relative situation, have been observed by Dr. Fitton In 
the di(h of the Boulonnois, on the opposite coast of . 
France.f Dr. Buckland and Mr. De la Beche have 
also ascertained that many of the stumps ol' trees re- 
main erect, with their roots attached to the black soil 
on iritich they grew, their upper part Urin^ Vinbeddc<l 
in the limestone; from which they in1«r. "^ttt the 
surface of the subjacent Portland ctono, was t«r some 
time dry land, and covered by a fores' •«) n-nhably 
in a climate such as to admit the grnv 
Zamia and Cycas." ^ 

* Mantell, GegL of S. E. of Engl- 
papers b; Mr. Webiter, Dr. Buckla' 

CM>t. Trail*., Seruiid Serie*, vol. ii. tu.. .. 
the fint to notice the erect pimllon of the tleni'^ 

-f Geol. of Hutiug*. Gaol. I'rocecdingt, vol, 

t Praceedingi of Giot. Soc., April, 1830. 
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It seenii a legitimate deduction from the data Bbove 
explained, that the marine formations of an antece- 
dent pefriod (that of the odlte) had become land 
throughout a portion of the space now occupied by the 
South of England and the opposite coast of France; 
and that tins land then sank down, with its forests, and 
became submerged beneath the waters of a great river, 
just as the region around Sindree, in Cutch, subsided 
in 1819, and was permanently laid under water, being 
at one time occupied by the fresh water of the Indus.* 
The country may then have continued to subside, until 
a thickness of two thousand feet of fluviatfle sediment 
had been gradually accumidated ; and this deposit, or 
delta, by a continuation of the same depressing ope- 
rations, may, in its turn, hate become buried deep 
beneath the sea in which the chalk was formed. 

I shall not enter farther into these speculations at 
present, but proceed to inquire how far the Wealden 
is'Qonnected by its fossil remains with the overljring or 
sutj^lfent formations. First, we may ask whether there 
are acjCJBpecies of fossil animals or plants common to 
the freshwater group and to the oolitic system. I am 
aware of oH^example only, the Megalosaurus Bock- 
landi ; J^r the^^th and bones of this great saurian 
occi! ^ the S^onesfield oolite and the Hastings sands, 
the remains -"^ both cases having been referred by 
r same species. There are also some 

th of reptiles and fish common to the 

1, and not yet discovered in the Chalk. 

lie, of the Plesiosaurus are not 

...e and lias, but have been also found 

^cn; and the LepiUotus, a genus of fish 

ol. II. p. 237., and Vol. III. p. 273., and Plate V. 
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very characteristic of the Wealden, is unknown in the 
cretaceous group, while it is abundant in the oolitic 
series. On the other hand, the same Iguanodon Man- 
telliy which is so conspicuous a fossil in the Wealden, 
has recently been discovered near Maidstone in the 
overlying Kentish rag, a marine limestone of the 
lower green-sand. From this &ct we may infer that 
some of the saurians which inhabited the country' of 
that great river, which by its sediment produced the 
Wealden strata, continued to live when part of the 
country had become submerged beneath the sea. Thus, 
in our own times, we may suppose the bones of large 
alligators to be frequently entombed in recent fresh- 
water strata in the ds^ta of the Ganges. But if part of 
that delta should sink down so as to be covered by the 
sea, marine formations might begin to accumulate in the 
same space where fresh-wdter beds had previously been 
formed ; and yet the Ganges might still pour down its 
turbid waters in the same direction and can:y the 
carcasses of the same species of alligator to tl^>ea, in 
which case .their bones might be included i^ marine 
as well as in subjacent fresh-water strata* 

Near Beauvais, in France, th^re is a small va^^y of 
elevation and denudation, closely resembling iv struc- 
ture that of the Weald, and called the co»* ^♦tY o£ Bmy, 
where the green-sand crops out from be^ . 
Eind where strata, for the most part ^ 
Wealden, appear beneath the green* 
ber of the series, a fine whitish sar 
sions of ferns, considered by ]\ 
Eis identical with Lonchopteris Mantelh, . 
frequently in the Wealden* I examined pc 
kralley of Bray in company with M. Graves, i 
and I observed that the sand- last mentioned, t 

o 5 
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^scribed. Some geologists regard the lias as the lowest 
member of the oolite group, severiQ species of <Hrgaiiic 
remains being common to it and to the inferior odite. 
If we draw a line between tiiese formations, the sepa- 
ration will be somewhat arbitrary, but maj be» never- 
theless, convenient ; as both the oolite group and the 
lias will still comprehend a great thickness of stmts, 
characterized, when viewed on the great scale, by 
assemblages of distinct fossils. The lias retains a uni- 
form mineralogical character throughout a great pert cf 
England, France, and Germany; and this circumstance 
may facilitate the attempt to ascertain the contempo- 
raneous existence of a sufficiently numerous set of fos- 
sil plants and animals to enable us to determine the 
equivalent groups of distant countries. 

The remains of reptiles, those of saurians in par- 
ticular, are very common in the liassic rocks in several 
parts of England, especially of the genera Ichthyo- 
saurus, Plesiosaurus, and crocodile. 

5. New\Eed Sandsiane grot^, K, Tab. I. pu 311. (m^ 

"' hluding the Muschelkalk of the Germans). 

/ 

Th^ dPDOsits which are referriUe to the interval 
which*'-' '^d the lias from the great coal formattoo 

tp i into two principal groups: first, the 

dstone ; secondly, the Magnesian L<me- 

ew Red Sandstone of England, accom- 

of gypsum and rock salt, is almost 

^^ organic remains; but the Musch- 

_, , . /hich is referrihle to the- same 

, .as no precise equivalent among the English 

jontains many fossils of species distinct firom 

of the lias, or subjacent magnesian limestone. 

ih calcareous formation (Muschelkalk) is inter- 
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Kised in Bavaria and Wurtemburg, between two others^ 
he overiying *<Keaper," or variegated marls, with 
vhich it dtemates at the junction^ and the red mottled 
andstone (** bunter san'dstein") on which it rests, 
rhe plants found by Count Munster in this last» arid 
n the <*Keuper/' are so similar, as to induce that 
^eolc^ist to regard all the thre^ groups thus coi^nected 
\s belonging to one period ; and in confirmation of the 
tame opinion, M. Agassi? finds the same species offish 
o be common to the three groups. 

6. Moffnenan Idmesibne {Zechsiein of the Germans). 

L, Tab. I. p. 312. 

This formation consists in England for the most 
>art of a yellowish limestone, in which a small number 
>nly of organic remains are preserved, but these are 
eferrible to peculiar and characteristic species. 

So also in the zechstein of the Germans, a limestone 
>f this period, and in its accompanying copper slate, the 
;he same or very similar fossils occur. At JMj^sfeld in 
A^stphalia, for example, fish are found of file^extinct 
^enus Palseothryssum, only known in strata *c4* this 
^roup. Dr. Agassiz informs me that he has ibot-as yet 
)een able \o identify any species from Mansfeld with 
my one of those found in England, but the genus ap- 
)ears characteristic of the era under consideration. 

r. Carbamfewua Grmtp^ compmtng thn (haJ^megxwts, 
oiiJ tA€ JIfoim&M Z^mesftin^. M, Tab. L p rr' 2^ 

The rocks of this group consists of limestone, shale, 
sandstone, and conglomerate; interstratified wfih Mfhioh 
ire large beds of coal, a substance now univetsally 
idmitted to be o/ vegetable origin. Several hundred 
species of plants have been found in the shaies anef 
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sandstones associated with the coal, and all are, wit^ 
few exceptions, of species differing widely from tho« 
which mark the vegetation of other eras. Some tt 
marks have been offered in the first book*, respectiis 
the known geographical extent of the coal formatia 
and the tropical character of ite flora, and of the 
shells and corals of the carboniferous or mountain lime- 
Rtone. t I there adduced arguments for inferring tk 
the lands in northern latitudes consisted, for the most 
part, at that remote era, of small islands ; and ddcd- 
tioned the absence of large saurian remains, the insulff 
character of the flora, and the deposition of the strau 
as favouring that opinion. 

But although the higher latitudes of the northen 
hemisphere probably formed at that time a great archi- 
pelago, they must have contained some islands of suffi- 
cient magnitude to allow of the existence of rivers, 
lakes, and marshes^ where fresh-water strata were 
accumulated. A fresh-water limestone has been dis- 
covere4 and described by Dr. Hibbert at Burdiehouse 
near Edinburgh, as lying beneath marine strata of tht 
carboniferous group. Instead of containuig fossil 
corallines or encrinites, like the mountain- limestone 
the formation in question contains land plants in great 
abundance,and minute entomostraca allied to the genus 
Cypris J and several fish. 

Mr. Hutton states that, in part of the coal-field <fi 
Northumberland and Durham, fossil shells of a spedes 
of Unio occur in considerable abundance in a shale 
containmg plants of tlife carboniferous period, and over- 
lying a bed of coal. The coal has been worked out from 

♦ Vol. I. pp. 196. to 198. t Vol. I. p. 15a. 

\ SeeaboTe, p. 16S. 
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beneadi the shells, which have been already proved to 
extend over an area five thousand feet square. The 
shelly stratum is about eighteen inches thick ; and the 
animals have evidently died at various ages, the shells 
being of every size. This accumulation of bivalves of 
one species, and of this form, seems dearly to indicate 
the continuance on the spot of a body of fresh-water, 
such as might be found in the estuary of a river.* 

In the Shropshire coal-field near Bridgnorth, and in 
other places, Mr Murchison has shown that the upper 
coal-measures contain a subordinate bed of limestone, 
which may be termed lacustrine, as a small species of 
Planorbis is plentifully imbedded in it.f 

8. Old Bed Sandstone. N, Table I. p. 313. 

Beneath the coal-series in the northern part of 
Fifeshire in Scotland, and the southern half of FoHar- 
shire, a formation occurs of great thickness, composed 
of red marl, conglomerate, red and white sandstone, 
and shales of various colours, for the most part de,void 
of organic remains. In some of the shales, however, 
impressions of plants apparently marine^ have been 
met with, and in the flaggy sandstones containing a 
»Hght admixture of carbonate o^lime, the scales and 
3ther remains of fish are not unfrequent. They belong 
to a genus named by Dr. Agassiz << Cephalaspis," or 
'•* buckler- headed," from the extraordinary shield which 
covers the head. (See Fig. 153.) This peculiar form 
3f fish, which is quite unknown in the coal-strata, 
seems characteristic t>f the old red sandstone gene- 
rally ; for it is found in Herefordshire and other counties 
3f England and Wales, where the old red-sandstone is 

* Fossil Flora, by Liodley and Hutton, Mo. 10. 
f Proceedings of GeoU Soc., No. 38. p. 119. 
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largely developed. All the animal and vegetalx 
remaiDS hitherto discovered in this series are &■ 




TkitfigimitfromaipeciiHenmAeinmi/CBOeetion, which I/metr 
at Glanma in FiAfarAire, An accmml o^ il aSl appear h i- 
aiork on FoitU Fait, byDr.Agtaiix, v)kotuaKedthe ipedaajl'"- 

tinct Trom those of the overlying coal, or sabjann: 
traasition strata. 

9. TramUion, or Greguxwki Formatioiu. O. & F 
Table I. p. SIS. 

Continental and English authors have not alnr 
been agreed where the line of separation should h 
drami between the secondary and transitioo formatjpoi 
Some of them, for example have included the csHk- 
niferous group in the secondary, others in the transiriix 
system. But in England the old red sandstiwe bt> 
been generally considered as the lowest raember ' 
the secondary series. 

The name of transition was first given by Werner u 
certain sedimentary deposits consisting, in the Bam 
and many p^ts of Germany, of arenaceous and bt» 
ciated rocks which alternate with ai^illaceous sdii^i' ' 
and are sometimes associated with corallines m^ 
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sbellj limestonesi These were supposed to have been 
the earliest formed strata when the ocefui first became 
habitable by aquatic beings. Although the principal 
.members of this group, where it is largely developed, 
are eridently of mechanical origin, they often alternate 
with beda of quartz and argillaceons schist, not distin- 
guishable mineralogically from crystalline rocks classed 
by Werner as primitive. Hence, as was before stated, 
the term transition was adopted to express the theory 
that,' at this period, the causes which had given rise to 
crystalline formations were still in action ; while those 
whidi {H'oduced stratified sedimentary rocks, including 
organic remains, were also banning to operate. 

The characteristic group called in German <^ Grau- 
wacke" is an aggregate of small fragments of quartz, 
Lydian stone, and argillaceous schist, cemented to* 
gether by argillaceous matter. But fax* too much 
importance has been attached to this kind of rock, as 
if it were peculiar to a certain epoch in the earth's 
history, whereas it is only an accidental variety of 
argillaceous sandstone, probably in some cases altered 
by heat. There are parts of England and Sweden 
where fossiliferous strata more ancient than the old 
red sandstone are largely developed, and yet where 
no rocks answering mineralogically to the Greywack^ 
of the Germans are discoverable* 

The first great step towards a general table of super- 
position of the British fossiliferous groups below the 
old red-sandstone^ each distinguished by certain 
mineral diaracters and organic remains, has recently 
been made by Mn Murchison, and h!s arrangement 
has been adopted in Table I. p. 915. 

Mr. Murchison has had an opportunity of tracing 
the succession of deposits in a regular descending 
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TABLE I. 

Showing the Order of SuperponHath or Ckmnohgwd J 
cession, of the prwcipai European Grotq^ of SediMOi 
and FossiUferous Strata. 

Thia Tsblcf is also referred to ia the Glosaory. 



Periods 

and 
Groups. 



Names of the principal Membeca and Mineral 
Nature of the Fovnsatiaiiy teCouaCrits wbere it 
has been most studied. 



T 



SomeoftbeLu 
where tiKJ 
ation ocean. 



a 
o 

M 

H 

M 

H 



The depoiita o£ ibis period are for fbe mosc pa«t oencetkd] 

existing lakes and seas. 



A. 



Consolidated sandy and gravellj beds (a), 
tittvertin limestones (6), calcareous sand- 
stones with broken shells (c)* coral lime- 
stone, consisting of corals, shells, &c (d)^ 
compact limeetone («). 



Oi 



O 

* 

M 
P-l 

H 



B. 



>« o 



kc. 



D. 



a 



MAaimc. 
Limestone, sands, 
clays, sandstones, 
conglomerates, marls 



Fbish-watbiu 
Sands, days, sand- 
stones, lignites, &c. ; 
containing land and 



with gypsum ; ccm- fieth'WUer fossils (6). 
taining marine fos- 
sils (a). 



Belts d 

Rhone. 
6. Tivoli,aiidi 

parts of la 
c. Shore of ^ 

of Gus^i 
dU Coral reo 

Pacific, &u 
Bermudas 



a. Sicily, IsciJ 

6. Colle in 1 

cany. 



Subapennme marl, 
Subapennine ffdlow 
tand, EngUth **crag" 
and other deposits, as 
in B., containing 9iK»- 
rine fossils (a). 



Faluns (f theLoire, 
and other deposits 
▼arying in mineral 
composition, astliose 
in B. and C, con- 
taining mfirine fos« 
sils (a). 



Similar deposits to 
B.; containing Uind 
and freikrwaUr fos- 
sils (6> 



Similar deposits to 
B. and C; contain- 
ing land and freth^ 
water fossils (6). 



a. Subapenjiii| 
fonnation>l 
pignao, ^ 
Norfolk, 
Suffolk. 

6.'NearSienw< 



a, Tourainei I 
deaux, V.I18 
Bormida,^ 
ga near Td 
Basin of VJrf 

6. Saucats, td 
miles souih 
Bordeaux- 
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TABLE L — tonikfw/$A. 



"Vtrr^r^mm 



Names of the principal Mesi^ben and Mineral 
Nature of the Fannation, io CkHintrieB where 
it hw b0en meet studied. 



Some of the Localities 
where the Form. 
atioD occurs. 



Calcaire grosder 
(a)y London dat/t 
sands, taQcbtoncs, 
Arc, with marine 
f08^ (6). 



Ctdcaire sUkeux — 
sandstones and con- 
glomerates, redmarl, 
green and white 
marls, limestone, 
gypseous marls, — 
^mth iand and fresh- 
water fossils (c). 



a. Paris basin. 

h» Faris^ London, 
and Hampshire 
basins, Isle of 
WighU 

e. Paris basin. Isle 
of Wi^t^ Au- 
vergne, Velay, 
Cantal. 



1. Maesiricht Beds,— Soft 
yelloiwkh-white limestone with 
silioeeas masses, resembling 
chalk (marine). 



^ St. Peter*s Mount, Maes, 
tricht. 

Cipljr, near Mons. 



2. Chalk wUhJUnts (marine). 



S. Chalk without flints (ma- 
rine). 



4. Upper green sand (ma- 
rine). — Marly stone, and sand 
with green particles ; layers of 
calcareous sandstone. 



5. Gault (marine). — Blue 
clay, with numerous fossils, 
passing into calcareous marl 
in the lower parts. 



6. Lower green sand ^ma-- 
rine).'^Grey, ydlowish, and 
greenish sands, ferruginous 
sands and sandstones, clays, 
cherts, and siliceous lime., 
stones. 



North and South Downs, 
and parts of the interven- 
ing Weald of Kent, Surrey, 
and Sussex. 

Yorkshire; North of Ire- 
land. 

Beauvals, France. 



1. fTeo/J Ooy (fresh-water). 
—-day, -for the-most part with- 
out intepmizture of oalcaieous 
matter, somfttimes ificluding 
thin beds of .sand and shelly 
limestone. 



1, 2. Ezttuttvely deve- 
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TABLR h^coMuHkd. 



Periodf and 
Oxoupi. 



1 

I 

s 

GO 



Vmmm of the principal Memben and 
Mineral Nature of the Formation, 
InCountitei wbeveit has been most 
studied. 



Some of the JjoetUXmy^ 
Fofxnatioa oocun. 



K. 



9. MusehelkaOt (marine). — 
Grey, blue, and blac^ah lime- 
stone, with alternating clay and 
marly and with siliceous layers, 
and nodules. 



3. Vari^Koied (BufUer) tand- 
Mtone* -~ Red, white, blue, and 
green siliceo-argillaceous sand- 
stone, often micaceous, and con- 
taining gypsum and rock-salt 



ExtensiTely deveb^ 
Germany and France. 

Hitherto no beds in 1 
land have been Identified 
the formation. 



Nottinghamshire ^ t 
shire. 

Stuttjgardt. 



L. 



I 

1-4 a 
SO 



1. Magnetian Umettone (a) 
(marine). — Marl-slate, shelly 
limestone, variegated marts, 
yellow magnesian limestone. 

Zechtiein (f Germany (ft)— 
limestone — marl-slate, con- 
taining copper ore, and im- 
pressions of fish. 



a 



2. Hed congU>merate> — Sand- 
stones, conglomerates, sands, 
and marls. 



a. Nottingfaamsture, Jk 
shire, Yorkshire M 
Nortfjumberland. 

6. Mansfeld in Tiaxc 



M. 
& 

N. 



9 

w 

9 
O 

I 



I 



1. Coal measuret (fresh- 
water and marine). — Sand- 
stones,- grits, conglomerates, 
clays, with ironstone, shales, 
and limestone, interstratified 
with beds of coaL 



Neighbourhood of £» 



2. Mountain Umettone (ma- 
rine). — Grey, compact, and 
cryi^line limestone, abound 
ing in lead ore in North of 
England, and altema^ng with 
coal measures in Scotland. 



Northumberland, Dur^ 
Yorkshire^ Ldmcashire, i 
fordshire, 3omerseis 

South Wales, Talleys d 
Forth and Clyde. 

District of JMg^t ^ 
phalia, Silesia, Bobe 
&c. 



Mendip Hills, DerH^ 
Yorkshire, Durham, N( 
umberland, liaoaiti 
liinlithgowahire, many F 
of Ireland* 

Nortb^waat of Genn 
Belgium, North of Fn< 
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TABLE L-^eonHnved. 



M and 



NafflMof the principal Memben and 
Mineral Nature of tlie Formation, 
inCountriet where it hai been mott 
studied. 



N. 



1. Oldredtandtione.'^Coane 
and fine siliceous sandstones 
and conglomerates of various 
colours, red predominating. 



Some of the Localities where the 
Formation occun. 



Extensively developed in 
Shropshire and Hereford- 
shire, Brecknockshire, Dum- 
fries-shire, For&rshiie. 

Silesia, Bohemia. 



O. 



1. Ludlow rocks (marine). — 
Argillaceous limestone, sandy 
shale. 



Ludlow Castle, Shropshire; 
Aymestry and Woolhope, 
Herefordshire. 



o 

S 
•c 

CO 



■ 



2. Wenlock Bmesione (ma- 
rine). — Coralline limestone 
and argillaceous shale, with 
nodules of earthy limestone. 



Wenlock Edge^ Shropshire, 
Dudley, Worcestershire. 



Caradoc sandstones (marine). 
— Shelly limestone and mica- 
ceous sandstone, quartzose grits 
anc5 sandy limestones. 



Horderly, Shropshire ; and 
May Hill, Gloucestershire. 

East flank of Wrekin and 
Caer Caradoc, Shropshire. 



4. Uandeilo flags (marine). 
— Calcareous nags, sandstone 
and schist. 



Llandrindod, near Builth, 
Badnorshire. Llandeilo, 
Caermarthenahire. 



P. 



nan 



Fossiliferous greywack^, and rocks older than the Silu- 
but in which no distinct assemblage of organic re- 



mains have as yet been specifically determined. 



VQU IV. 



314 



CHAPTER XXIV. 

ANALOGY OF THE OZiDKB F088ILIFEB0UB TO THB TEBTIABT 

■TBATA. 

Thailand as well as sea existed at each successiTe period — Some 
former continents placed where it is now sea — Secondarj fresh- 
water deposits, why rare (p. 390. )— Persistency of minend com' 
position, why apparently greatest in older rocks — Supposed vni- 
Tersality of red marl formations — Secondary roclu, why more 
consolidated — why more fractured and disturbed (p. 325.) — 
Secondary volcanic rocks of many different ages. 

In the last chapter I stated that no detailed account 
of the older fossiliferous formations would be attempted 
in this work, and that I should confine myself almost 
exclusively to the inquiry how far the rules of inter- 
pretation previously adopted for the tertiary groups 
might be applied to the phenomena of more ancient 
strata. To this point the following remarks are chieilj 
directed : — 

Position of former continents. — The existence of 
land as well as sea, at every geological period, is 
attested by the remains of terrestrial plants imbedded 
in the deposits of all ages, even the most remote. We 
find fluviatile shells not iinfrequently in the secondary 
strata, and here and there some fresh-water form- 
ations; but the latter are less common than in the 
tertiary series. For this fact the reader's mind has 
been prepared, by the views advanced in the third 
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er respecting the di£Perent circumstances under 
'which the secondary and tertiary strata appear to have 
originated. The secondary, it was suggested, raay 
have been accumulated in an ocean like the Pacific, 
where coralline and shelly limestones are forming ; or 
in a basin like the bed of the western Atlantic, which 
may have received, for ages, the turbid waters of great 
rivers, such as the Amazon and Orinoco, each drain- 
ing a considerable extent of continent. The tertiary 
deposits, on the other hand, very probably accumulated 
during the growth of a continent, by successive emer- 
gence of new lands, and the uniting together of islands. 
During sudi changes, inland seas and lakes would be 
caused, and their basins afterwards filled up with sedi- 
ment, and then raised above the level of tlie waters. 

That the greater part of the space now occupied by 
the European continent was sea when some of the 
secondary rocks were produced, must be inferred from 
the wide areas over which several of the marine groups 
are diffused ; but we need not suppose that the quan- 
tity of land was less in those remote ages, but merely 
that its position was very different. 

It has been shown that, immediately below the chalk 
and green-sand, a fluviatile formation, called the Weal- 
den, occurs, which has been ascertained to extend from 
west to east, about 200 English miles, and from north- 
west to south-east, about 220 miles, the depth or total 
thickness of the beds, where greatest, being about 
2000 feet.* These phenomena clearly indicate that 
there was a constant supply in that region, for a long 
period, of a considerable body of fresh water, such as 
might be supposed to have drained a continent, or a 

* Fitton's Geology of Hastings, p. 58. 
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Urge island, containiog within it a lofty chain of moan- 
tains. Dr. Fitton, in speaking of these appearances, 
recalls to our recollection that the delta of the newlj 
discovered Quorra» or Niger, in Africa, stretches into 
the interior for more than 170 miles, and occupies, 
it is supposed, a space of more than SOO mQes aJong 
the coast ; thus forming a surface of more than 25,000 
square miles, or equal to about one half of England.* 

If asked where the continent was placed from the 
ruins of which the Wealden strata were derived, we 
might be almost tempted to speculate on the former 
existence of the Atlantis of Plato as true in geology, 
although fabulous as an historical event. We know 
that the present European lands have come into exist- 
ence almost entirely since the deposition of the chalk 
(see map, Plate II.); and the same period may have 
sufficed for the disappearance of a continent of equal 
magnitude, situated farther to the west. 

But among the numerous fossils of the ancient delta 
of the Wealden no remains of mammalia have been 
detected; whereas we should naturally expect, on 
examining the deposits recently formed at the mouths 
of the Quorra, Indus, or Ganges, to find, not only the 
bones of birds and of amphibious and land reptiles, but 
also those of the hippopotamus, and other mammalia 
which frequent the banks of rivers. Mr. Mantel! 
seems to have demonstrated f, that, the remains of the 
animals and plants found fossil in the Wealden have, 
with the exception of the testacea and other aquatic 
tribes, been transported for a considerable distance, 
tlie stems of the plants being, for the most part, torn 

• FittoD, Geol.of Hastings, p. 58., who dtes Lander's Trayels. 
f Geol. of S. £. of England, p. d29. 
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ancl intermingled with pebbles of quartz, slate, and 
jasper; while the bones of lizards, turtles, and fisb, are 
detached from the skeleton^ and more or less broken 
and rolled. But, admitting that these fossild were 
drifted for many a league, we might fairly expect tbat^ 
at least, some fragments of mammiferous bones would 
have reached the delta. 

It is certainly^ startling proposition to suppose, that 
a continent covered with vegetation, which bad its 
forests of palms and tree-ferns, and its plants allied to 
the Dracaena and Cycas, which was inhabited by large 
saurians, and by birds, was, nevertheless, entirely 
devoid of land quadrupeds. If the proofs were con- 
fined to the Wealden, we might hesitate to lay much 
stress on mere negative evidence, since extensive de- 
posits of the Eocene period, such as the London clay, 
have as yet yielded no mammiferous fossils. But 
when we find the same general absence of mammaNia 
in strata of the Oolitic and Liassic eras, we can hardly 
refuse to admit that the highest order of quadrupeds 
Was very feebly represented in those ages, when the 
small Didelphys of Stonesfield was entombed. Some 
of the bones, indeed, collected by Dr. Buckland fi'om 
the oolitic series have been pronounced by Cuvier to 
be cetaceous; but that naturalist has himself remarked 
how closely the vertebrae of the larger reptiles' re- 
semble those of certain dolphins; so that it is highly 
desirable that the fossils alluded to should be re- 
examined with great care.* 

So far, then, as our present inquiries enable us to 
judge, there are strong indications that, during the 

* Mantel], Geol. of England, p. 282. ; and see iA>ove, VoL I. 
IP' 227. 
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periodi of the WeaMen, the Oolite^ and lAa», there 
was a large derelopment of the r^tiUa, at tbe^ ex- 
peD8e» aa it were^ both of the cetaceous and tervestrisl 
mammalia. 

It may be well, then, to inquire whether tbia difRur- 
ence in the state of animal life in the northern hemi- 
sphere, at these remote periods, is irreconcMeable m&. 
the notion of the constancy and uniforiaity of the laws 
which govern the changes of the organic world. Waidd 
the almost entire suppression of one important class of 
vertebrated animals, and the larger development of 
another, if fully established on fisurther investi^ioD, 
imply that there are no fixed rules according to which 
the form, structure, and attributes of anim^ are 
accommodated to the endless vicissitudes of the earth's 
surface ? Or are the rules, if any, made to endmre fi>r 
a time only, new ones being substituted at each succes- 
sive period? Or, is it conceivable that the distinct 
zoological characters o£ certain secondary groups, as 
compared to others of tlie tertiary epoch, may depend 
on laws as uniform as those whidi, from one century 
to another, appear to determine the growth of c^ertaiii 
tribes of plants and animals in the arctic, and of others 
in tropical regions ? 

In Australia, New Zealand, and many other parts of 
the southern hemisphere, where the indigenous land 
quadrupeds ad'e comparatively flew and of small dimen- 
sions, the reptiles do not predominate m number or ase. 
The deposits formed at the mouth of an Australiaii 
river, within the tropics, might contain the bones of 
only a few small marsupial animals, which, Hke those 
of Stonesfield, might heafler be discovered with diffi- 
culty by geologists; but there w^uld, at the same 
time, be no m^alosauri and other fossil remain% show* 
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ing th&l Urge ^saanang were plenttliil oh the knd and- 
m the waters when mammalia were 8carc& 

No pveeifie aaalegy, ^erefere, can here be found 
to the state of the animal kingdom supposed to hare 
prevailed dnring the secondary periods when a high 
tempei^atikire perraded European latitudes. But it may 
l>e useful to consider whether any of the anomalies now 
caused by cMmate in the relatiye number and import- 
aneeof different classes of the vertebrata may not in 
some degree illustrate this topic. In the Arctic re- 
'giens, for example, reptiles are small, and sometimes 
whdUky wanting, where birds, laige land quadrupeds, 
and c^acea abound. We meet with bears, wolves, 
foxes, musk oxen, and deer, walrusses, seals, whales, 
and narwais, in regions of ice and snow, where the 
snifdkst snakes, efts, and frogs are rarely if ever 
seen. 

• On wimt grand laws in the animal physiology this 
remarkable phenomenon depends, cannot, in the pre- 
sent state of science, be explained ; nor could we pre- 
dict whether any opposite condition of the atmosphere 
in respect to heat, moisture, and other circumstances, 
would bring about' a state of animal and vegetable life 
which might be called the converse of that f^ove de- 
seribed. We ought, however, to recollect, that a tnean 
annual temperature like that now experienced at the 
equator, co-existing with the unequal. days and fights 
of European latitudes, and with a distinct distribution 
of sea and land, would imply a climate to which we 
have now no parallel. Consequently, the t3rpe of ani- 
mal and vegetable existence required for such a climate 
might deviate as wid^ from that now established in 
any part of the ^be, as do the Flora and Fauna of 
our trc^ical differ from those of our arctic r^ions. 

p 4 
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were extenitre tmcU of land in the leocnidbry period, 
we may presume that there were lakes also ; yet I am 
not aware of any pure lacustrioe forma tioaa inter- 
stratified with rodcs older than the chalk* Peiliaps 
their general absence may be accounted for by the 
adoption of the theoretical views above set forth ; fyt 
if the present ocean coincides for the most part with 
the site of the ancient continent, the places occupied 
by lakes must have been submerged. It should also 
be recollected, that the area covered by lakes, at any 
one time, is very insignificant in proportion to the 
ocean) and, therefore, we may expect that, after the 
earth's sur&ce has undergone considerable revolutions 
in its physical geography, the lacustrine strata will be 
concealed, for the most part, under sijqperinposed ma- 
rine deposits. 

Per$isie9iej^ i^ mineral ckaracier^ — In the sameman- 
mer as it is rare and difficult to find ancient lacustrine 
strata, so also we can scarcely expect to discover newer 
marine groups preserving the same lithological charac- 
ters continuously throughout wide areas. The chaft 
now seen stretching for thousands of miles over ^ier- 
ent parts of Europe has become visible to us by the 
effect, not of one, but of many distinct series of monre- 
ments. Time has been required, and a snooesaion of 
geological periods, to raise it above the wavea ia so 
many regions ; and if calcareous rocks of the Eocene 
or Miocene periods have been formed, preserriag a 
homogeneous mineral composition throughout eqiwHy 
extensive regicms, it may require oDBVukinns aa nmase* 
reus as all those which have occwned since the ei^gin 
of the elialk to bring them up widiia the sphere of 
human observation^ Hence the rocks of more modecn 



p#rlo^ nmy dp]^ear df partid extent, as compared ta 
tbood ^f ranterfeer ems', not becsnise there tfas any 
of iginal^ dilRsrenee of eireumfttanees thronglvout tbe 
g^nbe'wken they were formed, but because there has 
sol; beeii suffiekfnt time ibr the development of a great 
series' of * subterranean volcanic operations since their 
0K|gifi« 

At the same time, the reader should be warned not 
to place implicit reliance on the alleged persistency 
of t^e same mineral characters in secondary rocks.* 
V^hen it was first ascertained that an order of suc- 
cession eovild be traced in the principal groups of 
strata above enumerated, names were given to each, 
derived from the mineral composition of the rocks in 
tbctse parts of Germany, England, or France, where 
they happened to be first studied. When it was after- 
wards acknowledged that the zoological and phyto- 
logieA characters of the same formations were far more 
persistent than their mineral peculiarities, the older 
names were still retained, instead of being exchanged 
for others founded on more constont and essential 
cbaracters. The student was given to understand that 
the terms chalk, green-sand, oolite, red marl, coal, and 
others^ were to be taken in a liberal and extended 
sense; that diidk was not always a cretaceous rock, but 
in some places, as on the northern flanks of the Pyre-* 
nees, and in Catalonia, a saliferous red marl. Green- 
sandv it was said, was rai^ely green, and fVequently not 
arenaeeous, but represented in parts of the south of 
Europe by a bard dolomitic limestone. In like man- 
neTf it was declared diat the oolitic texture was rather 
an exoeptlon to the general rule in rocks of the oolitic 

*' See ioxne rdadariis on tliis fttibject, Vdl. I. p. 132* 
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period^ and diat no pardde of caibonaceoos matter 
could often be detected in the true cotd ^mnatkn of 
many districts where it attabs great thickness. It 
must be obvious to every one» that inconvenience and 
erroneous prepossessions could hardly fiiil to arise from 
such a nomenclature; and accordingly a fallacaoas 
mode of reasoning has been widely propagated, chiefly 
by the influence of a language so singularly inappro- 
priate. 

After the admission that the identity or discordance 
of mineral character was by no means a sure test of 
agreement or disagreement in the age of rocks, it was 
still thought, by many geologists, that if they found 
a rock at the antipodes agreeing precisely in mineral 
composition with another well known in Europe, they 
could fairly presume that both are of the same age, 
until the cantrcuy could be shoum* 

Now, it is usually difficult or impossible to combat 
such an assumption on geological grounds, so long as we 
are imperfectly acquainted with the geology of a dis- 
tant country, inasmuch as there are often no organic 
remains in the foreign stratum; and even if these 
abound, and are specifically differeiU from the fosals of 
supposed European equivalent, it may be objected, that 
t}ie we cannot expect the same species to hare 
inhabited very distant quarters of the globe at the same 

time. 

Suppo&ed univenalit^ t^redmarL — I riiaU selects 
remaHcable example of the erroneous mode of general- 
izing now alluded |to. A group of red marl aad sand- 
stone, sometimes containing salt and gypsum* is found 
in England interposed between the lias and lihe car- 
boniferous strata. For this reason, other red marls and 
sandstonc^iy associated $om» of ih^ax with salt, and 



oAesB with gypsum, and occurring not only in different 
parts of Europe, but in Peru, India, the salt deserts of 
Asia, those of Africa, in a word, in everj quarter of 
the globe, have been referred to one mid the same 
period* The burden of proof is not supposed to rest 
with those who insist cm the identity of age of all 
these groups; so that it is in vun to urge as an objection 
the improbability of the hypothesis which would imply 
that all the raoying waters on the globe were once 
simultaneously charged with sediment of a red colour. 

The absurdity of pretending to identify, in age, all 
the red sandstones and marb in question, has at length 
been sufficiently exposed, by the discovery that, even 
in Europe, they belong decidedly to many different 
epochs. We have already ascertained, thfit the red 
sandstone and red marl, with which the rock*salt of 
Cardona is associated, may be referred ti the period of 
our chalk and green-sand. I was led to this opinion 
when I visited Cardona in 1830, and before I was 
aware that M. Dufr^noy had arrived at the same con- 
clusions.* I have pointed out that in Auvergne there 
are red marls and variegated sandstones, which are 
undistinguishable in mineral composition from the new 
red sandstone of English geologists, yet which were 
deposited in the Eocene period : and, lastly, the gyp* 
seous red marl of Aix, in Provence, formerly supposed 
to be a marine secondary group, is now acknowledged 
to be a tertiary fresh-water formation. 

Secondary rocks, why more consoHdaieeL — One of 
the points where the analogy between the secondary 
and tertiary formations has been supposed to fail, is the 
greater degree of solidity observable in the secondary 

* Anii.des Sei. Kbc, Avril, 1S81, p.449. 
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8 efis. Undonbkedljr the (Mer rodcs^ m general,!! 
more stoay than the newer ; and mcBt of tiae tertii! 
strata are more loose and incoherent in their textoi 
ihsok the secondary. Maiiy exceptions, hawerer^mi 
he pointed out» especially in those calcareous ai 
siliceous deposits which have, been precifittatedingift' 
part from the waters of mineral springs, and havebtf 
originally compact. Of this description are a ks 
proportion (^ the Parisian Eocene rocks, which aremK 
stony than most of the £ngUsh secondary groups. 

But strata in general have evidently been ctad- 
dated subtequendy to their deposition by a slow k^^ 
fying process. Thus loose sand and gravel are to 
together by waters holding carbonate and onids^ 
iron, carbonate of lime, silica, and other iogrediec 
in solution. These waters percolate slowly the eartS'-l 
crust in different regions, and often remove gradoiE)' 
the component elements of fossil organic bodies» si^i 
stituting other substances in their place. It setm^ 
moreover, that the draining off of the waters dun^\ 
the elevation of land may oflen cause the m&w?^ 
particular mixtures, in the same manner as ibo^ 
hardens when desiccated, or as the recent soil maiii^ 
Lake Superior becomes highly indurated when i^ 
posed to the air.* The conversion of clay into ^ 
and of sand into sandstone, may, in many case%^ 
attributed to simple pressure, produced by the weigt^ 
of superincumbent strata, or by the upward hesviof ■ 
subjacent masses during earthquakes. Heat is aootitf 
cause of a more compact and crystalline texture) whia| 
will be considered when I speak of the strata tenia 
<( primary." AH the changes produced by these varitf 

• VoL I. p. 34a 
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means require tkne for their c«npk!tk»; and dna nay 
es^lain, in a satia&ctorj masoer, why the Mes rocki 
are most emi8olidated». without entitling jm. to resort to , 
any hypothesis respecting aiii original distinetness in 
the degree of hipidification of the secoadary strata, 

Sec0t%dary, why more disturbed. — As the older fbrm** 
ations are generally more stony, so also tiiey are 
more fractured, curved, elevated, and displaced, dian 
the newer. Are we, then, to infer, with some geolo- 
gists, that the disturbii^ forces were more energetic 
in remoter ages? No conclusion can be more unsound \ 
for as the moving power acts from below, the newer 
strata cannot be deranged without the su]:]jacent rocks 
participating in the movement; while we have evidence 
that the older have been frequently shattered, raised, 
and depressed) again and again, before the newer 
rocks were formed. It is evident that if the disturb-* 
ing power of the subterranean causes be exerted with 
uniform intensity in each succeeding period, the quan- 
tity of convulsion undergone by different groups of 
strata will generally be great in proportion to their an- 
tiquity. But exceptions. will occur, owing to the partial 
operation of the volcanic forces at particular periods; 
so that we sometimes find tertiary strata more elevated 
and disturbed, in particular countries, than the se- 
condary rocks in others. . ' 

Some of the enormous faults and complicated dis- 
locations of the ancient strata may probably have 
arisen from the continued repetition of earthquakes in 
the same place, and sometimes from two distinct 
series of convulsions, which have forced the same 
masses in different, and even opposite directions; 
sometimes by vertical, at others by horizontal move- 
ments. 
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Seoondary ffolcanic rocks of different agei,—'^ 
aflsociatiop of vdcanic rocks with different seconds 
strata is such as to prove that there were igDen 
eruptions at many distinct periods, as also that thef 
were confined during each epoch, as now, to linittt 
areas. Thus, for example, igneous rocks contempoa> 
neous with the carboniferous strata abound in soof 
countries, but are wanting in others. So it is evide: 
that the bottom of the sea, on which the oolite andc 
contemporary deposits were thrown down, was,fnttii 
most part, free from submarine eruptions ; but at sob 
points, as in the Hebrides, it seems that the euat 
ocean was the theatre of volcanic action. It was befen 
remarked*, that, as the ancient eruptions occurred: 
succession, - sufficient time usually intervening b^ 
tween them to allow of the accumulation o( ids>< 
subaqueous strata, so also should we infer that sob' 
terranean movements, which are another portiao^ 
the volcanic phenomena, occurred separately and 
succession. . 

* Book i. chap. ▼• 
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CHAPTER XXV. 

RELATIVE ANTIQUITY OF MOUNTAIN-CHAINS. 

Theory of M. Elie de Beaumont — His opinions controverted — 
His method of proving that dififerent chains were raised at dis- 
tinct periods, and that the rise of others was contemporaneous, 
not conclusive — His doctrine of the parallelism of contem>> 
poraneous lines of elevation — Objections (p. 333.) — How far 
anticlinal ]ines formed at the same period are parallel — 
Difficulties in the way of determining the relative age of 
mountains. 

That the different parts of our continents have been 
elevated, in succession, to their present height above 
the level of the sea, is an opinion which has been 
gradually gaining ground with the progress of science r 
but no one before M. Elie de Beaumont had the merit 
even of attempting to collect together the recorded 
&cts which bear on this subject, and to reduce them 
to one systematic whole. The above-mentioned geo-- 
logist was eminently qualified for the task, as one who 
had laboured industriously in the field of original ob- 
servation, and who combined an extensive knowledge 
of facts with an ardent love of generalization. 

But, as I cannot admit the accuracy of an import- 
ant part of his method of reasoning on this topic, 
and as his principal conclusions appear to me very un- 
certain, I must explain the reasons of my dissent, hav- 
ing first given a brief summary of the most prominent 
features of his theory- 
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. 1st. M. de Beaumont supposes, ^diat in the histon 
of the earth there have been long periods of compir- 
ative repose, during which the deposition of sedimentsy 
matter has gone on in regular continnitj' ; and then 
have also been short' periods of paroX3rsma! violenc; 
during which that continuity was broken. 

" 2dly. At each of these periods of violence or 
* revolution * in the state of the earth's surftce, i 
great number of mountain-chains have been fome^ 
suddenly. . 

" Sdly. All the chains thrown u^ by a particola 
revolution have one uniform direction, being panScf 
to each other within a few degrees of the compass 
even when situated in remote regions ; but the chais 
thrown up at different periods have, for the most pait 
different directions. 

** 4th]y. Each < revolution,' or, as it is someW 
termed, ^frightful convulsion,' has fallen in witbtAr 
date of another geoli^cal phenomenon; namely? 'the 
passage from one independent sedimentary formsti^ 
to another/ characterized by a consideraUe diSem^ 
hi * organic types.' 

** 5th]y. There has been a recurrence <d thest 
paroxysmal movements ft-om the remotest geologt^i 
periods; and they may still be reproduced, snd tbe 
repose in which we live may hereaA;er be broken lif 
the sudden upthrow of another system of pendlel dtaitf 
of mountains. 

*' 6thly. We may presume tbat one of these revo* 
lutions has occurred, within the historical erS) ^^^ 
the Andes were upheaved to their present heigb^t 
for that chain is the best defined and least obliterate' 
feature observable in the present eaiterior ooniguntiDB 
of , the globe, and was probably the laM.eleirat«L 



avXXVJ OF MOUNTAIN.CHAIK& S29 

^, ** 7th]y. The instantaneous upheaving from the . 

icean of great mountain masses roust cause a violent 

^r agitation in the waters: and the rise of the Andes 

'aay» pertiaps, have produced that tranuent deluge 

"Vhich is noticed amoi^ the traditions of so many 

, lations. 

rots mm* 

^* Lastly. The successive revolutions above men- 
loned cannot be referred to ordinary volcanic forces^ 
ml may depend on the secular refrigeration of the 
' leated interior of our planet/'* 

I need not enter here into an examination of all 

;hese topics, as the discussion of several of them has 

Y>een in some degree anticipated in former cliapters. 

'Respecting the alternation of periods of general re- 

'pose and disorder, I have before suggested that geo- 

'^togical phenomena indicate merely that eadi regioa 

of the globe has in successiop been a great theatre 

'^ of subterranean convulsions, as s<Hne districts are now, 

while others remain at rest. Before we can reason- 

'^ably attribute extraordinary energy to any known cause^ 

^we must be sure that its usual force would be in- 

• adequate, though exerted for indefinite ages, to produce 

the effects required. 

The geologist, therefore, who assumes that conti- 
' nents and mountain-chains have been heaved up sud« 
denly by paroxysmal violence, may be considered aa 
pledging himself to the opinion that the accumulated 
effects of ordinary volcanic forces could never in any 
series of y^rs produce aj^earances such as we wit- 
necus in the earth's crust. Time and the fvogress of 

• Ann. des Sci. Nat., Septembre, Novembre, et D^cembrey 
18S9. Revue Fran9ai8e, No. 15. May, issd The last editfon by 
M. de B. is in De la Beche^s Bbaiuil, Sd. edit. ; aid^D'Aubuis- 
SOD, Tctt^ de OfogiWiift, torn. m. p* SSS.^ 199S. 



science can alone decide whether such an assumptim 
is warranted, or whether^ on the contrary, it does ocj 
spring from two sourceis of prejudice: — first, tk 
difficulty of conceiving the aggregate results of a gres: 
number of minor convulsions ; secondly, the habit cf 
viewing geological phenomena without any desire t( 
explain them as the effects of moderate forces, such s 
we know to act, instead of that intense degree of es. 
crgy, the occasional development of which, hower? 
possible, is entirely conjectural. 

The speculation of M. de Beaumont concerning tte 
« secular refrigeration" of the internal nucleus ofl\i^ 
globe, considered as a cause of the instantaneous rise 
of mountain-chains, appears to me obscure, and i: 
mainly founded on that part of the doctrine of ceotra. 
heat which has been controverted in the secood 
volume.* , 

In regard to the connection of the rise of mountaii> 
chains with revolutions equally sudden in the animat? 
world, I have endeavoured to show, in the third bo<i 
that changes in physical geography, which- are us* 
ceasingly in progress, are among the causes whid 
contribute, in the course of ages, to the exterminatio: 
ef certain species <if animals and plants; but the ic 
fluence of tl)iese causes is slow, and, for the most part 
indirect, and has no analogy with those sudden cats- 
strophes which are introduced into the theory dot 
under review, An explanation of the probable cause 
of the abrupt transitions from one set of strata tc 
another, containing distinct organic remains, has beec 
given at length in the third and fourth chapters of 
this book.f 

* Book ii« chiqitera xviiL and xix* 

f See particularly from p. S67. t0j>. 377. oCVol. IIL 
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When the prptrusipn of the An4e8fTpm beneath the 
^' sea is proposed ^s a possible cause of the historical 
' deluge^ we naturally inquire, what proofs there are of 
''that chain having started up at once within the last 
"^ 4000 or 5000 years from a great depth of sea ; for it is 
f necessary that a large body of water should be dis- 
^' placed, in order that a .diluvial wave, capable of iu- 
'undating a previously existing continent, should be 
'-raised. If it were reasonable to refer deluges to what 
f have been caHed paroxysmal elevations, it would surely 
be a fairer speculation to point to a line of shoals or 
^' reefs, consisting of shattered and dislocated rocks, and 
^ surrounded on all sides by an unfathomable ocean, than 
-' to select a mountain-chain as the site of the upthrow ; 
V for the rapid conversion of the bed of a deep sea into 
a shoal would evidently cause a much greater displace- 
ment of water than the rise of a large shoal into a 
mountain-chain. 
' Without dilating further on these subjects, I shall 
, now endeavour to analyze the proofs by which the 
successive elevation of different chains, and the sup- 
posed parallelism of lines of contemporaneous eleva- 
; tion, are supported. 

ilf. de JBeaumont^s proofs that different chains tvere 
raised at different ipochs, — "We observe," says M. 
Elie de Beaumont, </ along nearly all the mountain- 
chains, when we attentively examine them, that the 
most recent rocks extend horizontally up to the foot of 
such chains, as we should expect would be the case if 
they were deposited in seas or lakes, of which these 
mountains have partly formed the shores ; whilst the 
other sedimentary beds tilted up, and more or less 
contorted, on the flanks of the mountains, rise in cer-« 
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tern poinls even to their higfaett crests/'* Theie* 
therefore, ia and adjacent to each chain, twi^daat 
sedimentary rocksi the ancient or inclined beds, 
the newer or horisontal. It is evident that tbt 
appearance of the chain itself was an event " 
mediate between the period when the beds no^ 
raised were deposited and that when the strati 
produced horizontallj at its feet." 

Kg.: 




Thus the chain A assumed its present positk 
the deposition of the strata b, which have Mo^ 
great movements, and before the depositioB 
group c, in which the strata have not 8ii£Peredo 
ment. 

If we then discover another diaia> B, in it- 




find not only the formation b, but the gssst 
disturbed and thrown on its edges, we may u 
the latter chain i» of sidlisequent date td ^ 
must have been elevated f^kr the deposition 
before that of the group d; whereas A hid c 
before the strata c were formed. 

• FbU. Mag. and Annals, Na 58., New Series r 
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Jti ordef to ascertam whetber oth^ isottntaui ranges 
«^e of coDteiBporaneoua date wkb A and B, or are re* 
lerrible to dJmi^mct periods, we have only to in<|«ire 
nHietber the geological phenomena are identical; 
namely, whether the inclined and undisturbed sets of 
strata in each correspond to those in the types above 
mentioned. 

ObjedUms 1oM.de Beaummt^s theory. — Now all 
this reasoning is perfectly correct, so long as the 
periods of the deposition of the particular local groups 
of strata h and c are not confounded with the periods 
during which the animals and plants found fossil in h 
and c may have flourished, and provided also that due 
latitude is given to the term contemporaneous; for 
this term must be understood to allude^ not to a 
moment of time, but to the interval, whether brief or 
protracted, which elapsed between two events, namely, 
between the accumulation of the inclined and that of 
the horizontal strata. 

But, unfortunately, no attempt seems to have been 
made to avoid this manifest source of confusion, and 
hence the very terms of each proposition are equi- 
vocal ; and the length of some of the intervals is so 
vast, that to affirm that all the chains raised in 
such intervals were conUmporaneouSf is an abuse of 
language. 

In order to illustrate this ai^ument, I shall select 
the Pyrenees as an example. This range of moun- 
tains, says M. de Beaumont, rose suddenly (d un seul 
jet*) to its present elevation at a certain epoch in the 

* In the la9t edition of M* de B.*s system (see note above, 
p. 329.), he only speaks of the convulsion which raised the Fy* 
renees, as *< one of the most violent whiAh the laod of Europe 
ever experienced*'* . 
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earth's histoiy, itaimelyy between ttire d^dsition of tix 
chalk and that of the tertiary fbrtaations; fortk 
ehalk is seen in vertical, curved, and distorted beds s 
the flanks of the chain, while the tertiary fonoatiiiE! 
rest upon them in horizontal strata at its base; 

The only proof offered of the extreme suddennes 
of the convulsion is the shortness of the time wliiti 
intervened between the formation of the chalk r 
that of the tertiary strata.* 

Now the beds called chalk on the flanks of the ?^ 
nees differ widely in mineral composition from t^( 
white chalk with flints of England and France; buts 
they contain for the most part the same species: 
fossil shells, I grant that they may on that evidence k 
referred to the cretaceous system. f On the oihff 
hand, the horizontal tertiary strata at the western eni 
of the P3rrenees, near Bayonne, are certainly oft!!! 
Miocene period. The reader will find, when be ^ 
fleets on these data, that we can only infer that tlui 
great movement took place after the cretaceous perif^ 
had commenced, but we cannot assume that it ^' 
curred after the close of that period. So also we c»i 
say, that the Pyrenees rose before the close of tb 
Miocene epoch, but not that the event happenf^ 
before its eammencement. We cannot permit M.<^i 
Beaumont to exclude the whole of either of tbes 
periods (the Cretaceous and Miocene) from the ^ 
sible duration of that interval during all or any part 3 
which the elevation may have taken place. 

* Phil. Mag. and Annals, No. 58., New Series, p. S4S. 

't* The fossils which I collected in company with Captuo S.| 
Cook, R. N., from the newest secondary beds on the flanks ofQ 
Pyrenees, near Bayonne, were examined by M. Desbayes, *» 
found identical with species of the chalk near Farisi 



llie vphieaviog of the Pyrenees, therefore, may hare 
been going on before the animals of the chalk period 
ceased to exist, or when the Maestrieht beds were in 
progress, or during the indefinite ages which may 
have elapsed between the extinction of the Maestricht 
animals aqd the introduction of the Eocene tribes, or 
during the Eocene epoch, or between that and the 
Miocene, or at the commencement of the Miocene 
epoch.' Or the rise may have been going on through* 
out one, or several, or all of these periods. 

It would be a purely gratuitous assumption to say 
that the chalk strata c. Fig. 155., p. 332., were the last 
which were deposited during the cretaceous period, or 
that, when they were upheaved, all or nearly all the 
species of animals and plants which are now found 
fossil in them were suddenly exterminated : yet, 
unless this can be affirmed, we cannot say that the 
chain B was not upheaved during the cretaceous 
period. Consequently, another range of mountains 
(A, Fig. 154«.), at the base of which cretaceous rocks, 
c, may lie in horizontal stratification, may have been 
elevated during the same period ; because, in this 
case, the particular group e may have been formed long 
after the animals and plants which are characteristic 
of them, in a fossil state, began to flourish, and during 
those antecedent ages the chain A may have ris^. 

The Newer Pliocene strata in Sicily have been 
raised to the height of nearly 3000 feet in some places, 
with great derangement; yet the testacea and zoo* 
phytes inclosed in these still exist, or nine tenths of 
them at least, in the Mediterranean. The same period 
still continues, if we speak of periods in the Same ex- 
tended sense in which they are understood by geolo- 
gists, and by M. de Beaumont, in the memoir now 
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before us. So the chelk in the Pjrreaeef may bt 
been raised to the height (^ many thousand feet, wb 
the animals found fossil in the upheaved strata « 
continued to inhabit the sea. 

In like manner the sea may have been inhabited I 
Miocene testacea for ages before the depositioo 
those particular Miocene strata which occur at t 
foot of the Pyrenees. 

To illustrate the grave objections above adyaoa 
which go to affiect the whole of De Beaumont's reM 
ing, let us suppose, that in some country three stjii 
of architecture had prevailed in succession, each^ 
period of one thousand years ; first the Greek, tlK 
the Roman, and then the Gothic ; and that a treme 
dous earthquake was known to have occurred in t!i 
same district during some part of the three periods.' 
a shock of such violence as to have levelled to di 
ground all the buildings then standing. If an ant 
quary, desirous of discovering the date of the ciB 
strophe^ should first arrive at a city where sere; 
Greek temples were lying in ruins and half engulpb 
in the earth, while many Gothic edifices were st« 
ing uninjured, could he determine on these data d 
era of the shock ? Certainly not. He- could mert 
affirm that it happened at some period after the iotr 
duction of the Greek style, and before the Gothic b 
fallen into disuse. Should he pretend to define tl 
date of the convulsion with greater precision, « 
decide that the earthquake must have occurred in tl 
interval between the Greek and Gothic periods, tli 
is to say, when the Roman style was in use, thefiii'x 
in his reasoning would be too palpaUe to escaj 
detection for a moment. 
. Yet such is the nature of the erroneous inducts 
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which 1 am now exposing. For, as in the example 
above proposed, the erection of a particular edffice is 
perfectly distinct from the period of architecture in 
which it may have been raised, so is the deposition of 
chalk, or any other set of strata, from the geological 
epochs characterized by certain fossils to which they 
may belong. 

It is superfluous to enter into any farther analysis of 
this theory, because the force of the whole argument 
depends on the accuracy of the data by which the 
contemporaneous or non-contemporaneous date of the 
elevation of two independent chains can be demon- 
strated. In every case, this evidence, as stated by 
M. de Beaumont, is equivocal, because he has not in- 
cluded in the possible interval of time between, the de- 
position of the deranged and the horizontal formations 
part of the periods to which each of those classes of 
formations are referrible. By the insujfficiency, then, 
of the above proofs, the doctrine of the paraltelism of 
lines of contemporaneous elevation lA destroyed; be- 
cause all the geological facts may be true, and yet 
the conclusion that certain chains were or were not 
simultaneously upraised is by no means a legitimate 
consequence. 

As the hypothesis of parallelism, however, has ac^ 
quired some popularity, I may remark, that it appears, 
as stated by the author, to be in some degree at variance 
with itself. When certain European chains were as- 
sumed to have been raised at the same time, on thie 
data already impugned, it was found that several of 
these contemporaneous chains had a parallel direction. 
Hence it was immediatedy inferred to be a general 
law in geological dynamics that the chains upheaved at 
the same time are parallel. For example, it was said 

VOL. IV. Q 
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that the Pyrenees and northern Apennines 
direction about W. N. W. and £. S. £.; to this line tl 
AlleghanieSy in North America, conform, as also ti 
Ghauts of Malabar, and certain chains in Egypt, Sjri 
northern Africa, and other countries ; and from t!i 
mere conformity in direction it was presumed that i 
these mountain-ranges were thrown up simultao 
ously.* 

To select another example, the principal diaio 
the Alps, differing in age and durection from ti 
Pyrenees, is parallel to the Sierra Morena, theBalb 
the chain of Mount Atlas, the central chain oftb 
Caucasus, and the Himalaya. All these ridges, tben 
fore, are assumed to have been heaved up bj d 
same paroxysmal convulsion. The western Alps, o 
the other hand, rose at a still earlier period, wfaeod 
parallel chains of Kiol, in Scandinavia, certam chfl 
in Morocco, and the littoral Cordillera of Brazil, ^ 
formed I 

Not only do these speculations refer to mountai 
never yet touched, as M. Bou6 remarks, by the b^ 
mer of the geologist, but they proceed on the sujf 
sition, that in these distant chains the geological ii 
geographical axes always coincide. Now we bx 
that in Europe the strike f of the beds is not always f 
rallel to the direction of the chain. As an exception/ 

* In regard to the Alleghanies, see De Beaumont, 1 83S. Fi« 
Trans, of De la Heche's Manual, p. 657. But in 6ct tbisdi 
runs from N. £. to S. W. 

t The term << strike" has been recently adopted bjsant 
our most eminent geologists from the German ^strekb, 
signify what our miners call the ** line of bearing" of tbestn 
Such a term was much wanted ; and, as we often spesk of j'^ 
o^in a given direction, the expression seems sufficiently cootie 
with analogy in our language. 
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may instance the Hartz mountain8> where Von De- 
chen * states that the direction or strike of the strata 
of slate and grey wack6 is sometimes from £. and W., 
and frequently N. £. and S. W. ; the geographical di- 
rection of the mountain-chain being decidedly from 
E. S. E. to W. N. W. 

In addition to these considerationsi the important 
admission is made by M. de Beaumont himself, that 
the elevating forces, whose activity must be referred 
to different epochs, have sometimes acted in Europe 
in paraUd lines. ^^ It is worthy of remark," he says, 
«< that the directions of three systems of mountains, 
— namely, first, that of the Pilas and the C6te d'Or ; 
secondly, that of the Pyrenees ; and thirdly, that of 
the islands of Corsica and Sardinia,— -are respectively 
parallel to three other systems, namely, first, that of 
Westmoreland and the Hunsdruck ; secondly, that of 
the Ballons (or Vosges) and the hills of the Bocage, 
in Calvados ; and thirdly, the system of the north of 
England. The corresponding directions only difier in 
a few degrees, and the two series have succeeded 
each other in the same order, leading to the supposi- 
tion, that there has been a hind of periodical recurm 
renee of the same, or nearly the same, directions of 
elevations.'' f 

Here then, we have three systems of mountains, 
A, B, C, which were formed at successive epochs, and 
have each a different direction; and we have three 
other systems, D, E, F, which, although, they are 
assumed to have the same strike as the series first 
mentioned, (D corresponding with A, E with B, and 

^ Trans, of De la Beche*s Oeol. Manual, p. 41. 

t Pbil. Mag. and Annals, No. 58., New Series, pp. 2SS, d56. 

Q 2 
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F with C) are nevertheless declared to have be 
formed at different periods. On what principle, tb 
is the age of an Indian or transatlantic chain refen 
to one of these European lines rather than to anotbe 
— why is the age of the Alleghanies, or the Ghanb 
Malabar, determined by their parallelism to 6 rail 
than to E, to the Pyrenees rather than to the 
of the Vosges ? * 

Modem volcanic lines not parallel. — The 
of volcanic operations in our own times would Is 
us to suppose that the lines of convulsion, at fors 
epochs, were far from being uniform in directioaJ 
that the trains o£ active volcanos are not parallel, e^e 
one is aware who has studied Von Buch*s ma^^- 
survey of the general range of volcanic lines over li 
globe f ; while the elevations and subsidences cans 
by modem earthquakes, although they may sometis 
run in parallel lines within limited districts, have 3 
been observed to have a common direction in disQ 
and independent theatres of volcanic action. 

I doubt not that in many regions, yet only wiJ 
a limited range of country, the ridges, troughs, < 
fissures caused by modem earthquakes are, to a e 
tain extent^ parallel to each other ; and such appe 
to have been the case in many districts at former ei 

* The substance of the last objection has been antidpitn 
M. Bou^ (Journ. of GeOl., torn. iii. p.338.> Ishallfltf 
peat here minor points and fiicts, enumerated, in afonnercA 
as disputed by several geol<^ists, because they are of no ni|| 
ance, if the basis of the theory is unfounded. See Mr* U 
beare*s remarks, Phil. Mag. and Journ. of Sci., No>2)^ 
Series, p. 118. Studer, Bulletin de la Soc. Giol de Fraoe^ 
p. 68. 

f Physical. Be9ch« der Canarischen Insdn. Berlin, 183^ 
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The anticlinal lines of the Weald valley,before alluded 
to, and of the Isle of Wight, may, in this manner, have 
been contemporaneous ; that is to say, both may have 
been formed in some part of the Eocene period, — 
an hypothesis which does not involve the theory t}f 
the ir having been due to a paroxysmal convulsion at 
the same moment of that vast period. It should be 
observed, that, as some trains of burning volcanos are 
parallel to each other, so at all periods some inde- 
pendent lines of elevation may be paraUel acciderUaUy ; 
not in obedience to any known law of parallelism; 
but, on the contrary, as exceptions to the general 
rule. 

The speculations of M. de Beaumont will, I trust, 
be useful in inducing geologists to inquire how far 
the uniformity in the direction of the beds, in a 
region which has been agitated at any particular 
period, may extend ; but, in the present state of our 
science, I cherish no sanguine expectations of fixing 
a chronological succession of epochs of elevation of 
di£Perent mountain-chains, or of making more than a 
loose approximation to such a result. The difficulty 
depends chiefly on the broken and interrupted nature 
of the series of sedimentary formations hitherto 
brought to light, which appears so imperfect that we 
can very seldom be sure that, between the groups now 
classed as consecutive, the memorials of some great 
interval of time may not be wanting. Another great 
source of ambiguity arises from the small progress 
which we have yet made in identifying strata in coun- 
tries somewhat distant from each other. 

There may be instances, perhaps, where the same 
set of strata, preserving throughout a perfect identity 
of mineral character, may be traced continuously from 

Q 3 
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the flanks of one independent moimtam-chain tot 
base of another, the beds being vertical or indiDed 
one chain, and horizontal in the other. Wenuj 
then decide with confidence, according to the meii! 
proposed by M. de Beaumont, on the relative peri 
at which these chains had undei^one disturbance;! 
from one point thus securely established, we nif 
proceed to another, until we had determined the e 
of many neighbouring lines -of convulsion. 
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CHAPTER XXVI. 

ON THE ROOKS OOUMONLT GALLED ^' PRIM ART.' 



ii 

Relation of rocks called " Primaiy" to yolcanic and sedimentary 
formations — Unstratified rocks called " Plutonic'* — Granite 
veins — Their various forms and mineral composition — Proofs 
of their igneous origin — Granites of the same character pro- 
duced at successive eras (p. 350. ) — Some of these newer than 
certain fossiliferous strata — Volcanic, trappean, and plutonic 
rocks. 

I SHALL now treat of the class of rocks usually termed 
'< primary," a name which, as I shall afterwards show, 
is not always applicable, since the formations so desig- 
nated sometimes belong to different epochs, and are 
not, in every case, more ancient than the fossiliferous 
strata. In general, however, this division of rocks 
may justly be regarded as of higher antiquity than the 
secondary and transition groups above described ; and 
they may, therefore, with propriety be spoken of in 
these concluding chapters, as I have hitherto proceeded 
in my retrospective survey from the newer to the 
more ancient geological monuments. 

In order to explain the relation which I conceive 
the rocks termed " primary " to bear to the tertiary, 
secondary, and transition formations, I shall resume 
that general view of the component parts of the earth's 
crust of which I gave a slight sketch in the prelimin- 
ary division of the subject in the second chapter.* 

• See Vol. Ill- pp. 335, 336. 
Q 4 
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It was there stated that sedimentarj fonnationsjco 
taining organic remains, occupy a large part of the 9 
face of our continents ; but that here and there voles 
rocks occur, covering, alternating with, or break 
through, the sedimentary deposits ; so that there i 
two orders of mineral masses formed at the suiii 
which have obviously a distinct origin, — the 
and the volcanic. 

Fig. 156. 




a. Formations called primary (stratified and unstzatified). 
6. Aqueous formations. c. Volcanic rockfc 

Besides these^ however, there is another class, wbi 
cannot be assimilated precisely to either of the pi 
ceding, and which is often seen underlying the sei 
mentary, or breaking up to the surface in the cen\ 
parts of mountain-chains, constituting some oft 
highest lands, and, at the same time, passing dowBi 
forming the inferior parts of the crust of the eat 
This class, usually termed << primary,*' is divisible i 
two groups, — the stratified and the unstratified. 1 
stratified consists of the rocks called gneiss, mi 
schist, argillaceous-schist (or clay-slate), hornhh 
schist, primary limestone, and some others. 1 
unstratified, or Plutonic, is composed in great mess 
of granite, and rocks closely allied to granite. B* 
these groups agree in having, for the most par! 
highly crystalline texture, and in not containing 
ganic remains. 

Plutonic rocks. — The unstratified crystalline ro( 
have been very commonly called Plutonic, fromt 
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nioD that they were fonned by igneous action at 
at depths ; whereas the volcanic, although they also 
e risen up from below, have cooled from a melted 
;e upon or near to the sur&ce. Granite, porphyry, 
. other rocks of the same family, often occur in 
le amorphous masses, from which small veins and 
3s are sent off, which traverse the stratified rocks 
ed " primary," precisely in the manner in which 
I is seen in some places (o penetrate the secondary 
ta. 

rranite veins. — We find also one set of granite 
IS intersecting another, and granitiform porphyries 
uding themselves into granite, in a manner analo- 
s to that of the volcanic dikes of Etna and Vesu- 
I, where they cut and shifl each other, or pass 
)ugh alternating .beds of lava and tuff. 

Fig. 157. 




Cmdte sdM tramniat ilraHfied rocti. 

lie annexed disgram will explain to the reader the 
mer in which these granite veins often branch off 
1 the principal mass. Those on the right-hand 
, and in the middle, are taken from Dr. Maccul- 

Q 5 
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It was there stated that sedimentarj formations^ cod- 
taining organic remains, occupy a large part of the sur* 
face of our continents ; but that here and there volcanic 
rocks occur, covering, alternating with, or breaking 
through, the sedimentary deposits ; so that there are 
two orders of mineral masses formed at the surface, 
which have obviously a distinct origin, — the aqueous 
and the volcanic- 
Fig. 156. 




a. Formations called primary (stratified and unstratified). 
6. Aqueous formations. c. Volcanic rocks. 

Besides these^ however, there is another class, which 
cannot be assimilated precisely to either of the pre- 
ceding, and which is often seen underlying the sedi- 
mentary, or breaking up to the surface in the central 
parts of mountain-chains, constituting some of the 
highest lands, and, at the same time, passing down and 
forming the inferior parts of the crust of the earth. 
This class, usually termed << primary," is divisible into 
two groups, — the stratified and the unstratified. The 
stratified consists of the rocks called gneiss, mica- 
schist, argillaceous-schist (or clay-slate), hornblende 
schbt, primary limestone, and some others. The 
unstratified, or Plutonic, is composed in great measure 
of granite, and rocks closely allied to granite. Both 
these groups agree in having, for the most part, a 
highly crystalline texture, and in not containing or- 
ganic remains. 

Plutonic rocks, — The unstratified crystalline rocks 
have been very commonly called Plutonic, from the 
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opinioD that they were formed by igneous action at 
great depths ; whereas the volcanic, although they also 
have risen up from below, have cooled from a melted 
stale upon or near to the surfece. Granite, porphyry, 
and other rocks of the same family, often occur in 
large amorphous masses, Irom which small veins and 
dikes are sent off, which traverse the stratified rocks 
called " primary," precisely in the manner in which 
lava is seen in some places to penetrate the secondary 
strata. 

Granite veins. — We find also one set of granite 
veins intersecting another, and granitiform porphyries 
intruding themselves into granite, in a manner analo- 
gous to that of the volcanic dikes of Etna and Vesu- 
vius, where they cut and shift each other, or pass 
through alternating. beds of lava and tuff. 

Fig. 1 57. 




Iratertliv itral^id rudri. 



The annexed diBgrain will explain to the reader the 
manner in which these granite veins often branch off 
from the principal mass. Those on the right-hand 
side, and in the middle, are taken from Dr. Afaccul- 

Q 5 
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loch'B representadon of veins paising through the 
gneiss at Cape Wrath, in Scotland. * The Teina od 
the left of the same diagram are described, by C^tain 
Basil Hall) as traversing the argillsceDus schist of the 
Table-Mountain at the Cape of Good Hope.f 

I subjoin another sketch from Dr. Maccullocb's in- 
teresting representations of the granite veins in Scot- 
and, in which the contrast of colour between the vein 



t g lae. 




iratering gnau at Capt Wralh *i SeeUaad. 



and some of the dark vaneties of homblende-achist 
associated with the gneiss renders the phenomena 
more conspicuous 

The followmg sketch of a group of granite veins in 
Cornwall is given b; Messieurs Von Oeynhausen and 
VoD Dechen.^ The main bod; of the granite here ib 
of a porphyritic appearance, with large crystals of fel- 
spar; but in the veins it is fine-grained, and without 
these large crystals. The general height of the veins 
is from sixteen to twenty feet, but some are much 



■ Western Islanda, plate 31. 

f AccmiDt of tbe Structure of Table-MountuD, &c. l^m. 
Roy. Soc. Ediu., Tol.TU, 
t Ffail. Mig. and Anoab, No. S7., New 8crie% Maicb, ISS9. 




GmaUe telmpauiaK MnM«* WsNmli dak, Canaencr Cam, Canmall. 

The vein-granite of Cornwall very generally asaiunea 
a finer grain, and frequently undergoes a change in 
mineral composition, as is very commonly observed in 
other countries. ThuB, according to Professor Sedg- 
wick, the mun body of the Cornish granite is an ag- 
gregate of mica, quartz, and felspar ; but the veins are 
sometimes without mica, beiug a granular aggregate 
of quartz and felspar. In other varieties quartz pre- 
vails to the almost entire exclusion both of felspar and 
mica ; in others, the mica and quartz both disappear, 
and the vein is simply composed of white granular 
felspar.* 

Changes are sometimes caused in the intersected 
strata very analogous to those which the contact of a 
fused mass might be supposed to produce. 

The annexed diagram, from a sketch of Dr. Maccul> 
loch, represents the junction of the granite of Glen 
Tilt, in Perthshire, with a mass of stratified limestone 



* On GeoL of Conxrall, Tiana. c 
p. 104. 

Q 6 
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and ftcbiit. The granite, io thU locali^, oflen aendi 
forth M many veins as to reticulate the lIineBtoDe and 
•chlat, the veina diminiahing towards their terminatioit 
to the thickneas of a leaf of paper or a thread. Id 
■ome places fragments of granite appear entang;led, as it 
were, in the limestone, and are not visibly connected 
with any larger mass ; while sometimea, on the other 
hand, a lump of the limestone is found in the midst of 
the granite. The ordinary colour of the limestone of 




b. LimeMoiie. 



Glen Tilt is lead blue, and its texture large-grained 
»nd highly crystalline ; but where it approximates to 
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the granite, particularly where it^ is penetrated by the 
smaller veins, the crystalline texture disappears, and it 
assumes an appearance exactly resembling that of 
horn-stone. The associated argillaceous schist oflen 
passes into hornblende slate, where it approaches very 
near to the granite.* , 

The conversion of the limestone in these and many 
other instances into a siliceous rock, effervescing 
slowly with acids, would be difficult of explanation, were 
it not ascertained that such limestones are always im- 
pure, containing grains of quartz, mica, or felspar 
disseminated through them. The elements of these 
minerals, when the rock has been subjected to great 
heat, may have been fused, and so spread more uni- 
formly through the whole mass. 

In the plutonic, as in the volcanic rocks, there is 
every gradation from a tortuous vein to the most re- 
gular form of a dike, such as I have described inter- 
secting the tuffs and lavas of Vesuvius and Etna. In 
these dikes of granite, which may be seen, amotag 
other places, on the southern flank of Mount Battoch, 
one of the Grampians, the opposite walls sometimes 
preserve an exact parallelism for a considerable dis- 
tance. It is not uncommon for one set of granite veins 
to intersect another ; and sometimes there are three 
sets, as in the environs of Heidelberg, where the 
granite on the banks of the river Necker is seen* to 
consist of three varieties, differing m colour, grain, and 
various peculiarities of mineral composition. One of 
these, which is evidently the second in age, is seen to 
cut through an older granite ; and another, still newer, 
traverses both the second and the first. These pheno- 

* Macculloch, Geol. Trans., toI. iii. p. 259. 
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mena were pointed out to me by Professor Leonhard 
at Heidelberg. 

In Shetland there are two kinds of granite. One 
of these; composed of hornblende, mica, felspar, and 
quartz, is of a dark colour, and is seen underlying 
gneiss. The other is a red granite, which penetrates 
the dark variety every where in veins.* 

GftmUei ofdiffigrtnt q^— It was formerly supposed 
that granite was the oldest of rocks, the mineral pro- 
duct of a particular period or state oi the earth, formed 
long antecedently to the introduction of organic beings 
into our planet. But it is now ascertained that this 
rock has been produced again and again, at successive 
eras, with the same characters, penetrating the stra- 
tified rocks in different regions, but not always asso- 
ciated with strata of the same age. Nor are organic 
remains always entirely wanting in the formations in- 
vaded by granite, although they are usually absent 
Many well authenticated exceptions to the rule are 
now established, on the authority of numerous ob- 
servers, amongst the earliest of whom we may cite 
Von Buch, who discovered in Norway a mass of granite 
overlying an ancient secondary limestone, containing 
orthocerata and other shells and zoophytes.t 

A considerable mass of granite in the Isle of Slgp is 
described by Dr. Macculloch as incumbent on lime- 
stone and shale, which are of the age of the English 
lias.^ The limestcme, which, at a greater distance 
from the granite, contains shells, exhibits no traces of 

• Macculloch, Syst. of Geol., toI. i. p. 58. 

f Trayels through Norway and Lapland, p. 45. London, 
1813. 

\ See MurchisoD, Geol. TWou., Second Series, toL ii. part ii. 
pp. 311 — 321. 



cilxxvl] granites of D iywauggf T ages. 851 

them near its junctioii, where it has been oooverted 
into a pore crystalline marble.* 

This granite of SI7 was at fiist tenned << Sjemte," 
by which name some anthers hare denominated the 
more modem granites; but thej hare entirelj fiuled 
in their attempt to establidi a distinction between 
granites and syenites on geological gromidB. Syenite 
has been defined to be a tr^le co mp o und of fielqiar, 
quartz, and hornblende; hot the oldest granitifi»ai 
rocks are very oommonlj c u m po s ed of these ingre- 
dients only. In his later pnbKcations Dr. MaccnBoch 
has, with great propriety, I think, caDed the plotonic 
rock of Skj a granite.'l' 

In different parts of the AJ^ a oomparatiirdj modem 
granite is seen penetrating through secondary stnlSy 
whidi cwntain bdemnites, and other fiMsil% and are 
supposed to be refienible to the 1^ of the English 
lias. Ac cMi i di ng to the ob aei t jii ons of MBL Elie de 
Beanmont and Hngiy maaaes of this granite are some- 
times fiiand partially orerlying the secondary beds» 
and aitering them in a manner analogons to the 



contact with locks of igneoosongin.}: (SeeEg.l6S. 
p-37a) 
In ancli 1 ■ miiii ■ we can aserdty aSrm, that the 



bdeBinites; bat we can fiirm no ooo|ectnre when il 
originatied, not ercn whether it be of secondary or ter- 
tiary date. It is not to be iafiened that a granite ii 
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usually of about the same age as the group of strata 
into which it has intruded itself; for in that case we 
should be inclined to assume, rashly, that the granite 
found penetrating a more modem rock, such as the 
lias, for example, was much newer than that which 
is found to invade greywack6. The contrary may 
often be true; for the plutonic rock which was last in 
a melted state may not anywhere have been forced 
up so near to the surface as to traverse the newer 
groups, but may be confined exclusively to the older 
sedimentary formations. 

« In a deep series of strata," says Dr. MaccuUoch, 
^< the superior or distant portions may have been but 
slightly disturbed, or have entirely escaped disturb* 
ance, by a granite which has not emitted its veins far 
beyond its immediate boundary. However certain, 
therefore, it may be, that any mass of granite is pos- 
terior to the gneiss, the micaceous schist, or the argil- 
laceous schists, which it traverses, or into which it 
intrudes, we are unable to prove that it is not also 
posterior to the secondary strata that lie above them."* 

There can be little doubt, however, that some 
granites are more ancient than any of our regular 
series which we identify by organic remains ; because 
there are rounded pebbles of granite, as well as gneiss, 
in the conglomerates of very ancient fossiliferous 
groups. 

DisHncHon between voUxade and plutonic rodks — 
Trap. — When geologists first began to examine at- 
tentively the structure of the northern parts of Europe, 
they were almost entirely ignorant of the phenomena 
of existing volcanos ; and when they met with basalt 

• Syst. of Geol., voUi. p. 136. 
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and other rocks composed chiefly of augite, hornblende, 
and felspar, which are now admitted by all to have 
been once in a state of fusion, they were divided in 
opinioti whether they were of igneous or of aqueous 
origin. In the sketch of the history of geology in the 
first volume, it was shown how much the polemical 
controversies on this subject retarded the advance- 
ment of the science, and how slowly 'the analogy of 
the rocks in question to the products of active volcanos 
was recognized. 

Most of the igneous rocks first investigated in Ger- 
many, France, and Scotland were associated with 
marine strata, and in some places they occurred in 
tabular masses or platforms at different heights, so as 
to form on the sides of some hills a succession of ter- 
races or steps; from which circumstance they were 
called ** trap " by Bergman (from trappa, Swedish for 
a flight of steps), — a name afterwards adopted very 
generally into the nomenclature of the science. 

When these trappean rocks were compared with 
lavas produced in the atmosphere, they were found to- 
be in general less porous and more compact ; and from 
this character, and their association with subaqueous 
deposits, the connection of their origin with ordinary 
volcanic action was overlooked. In this instance the 
terms of comparison were imperfect; for a set of rocks, 
formed almost entirely under water, was contrasted 
with another which had cooled in the open air. 

Yet the products of the ancient volcanos of Central 
France were classed, in reference, probably, to their 
antiquity, with the trap rocks, although they afford 
perfect counterparts to existing volcanos, and were 
evidently formed in the open air. Mont Dor and the 
Plomb du Cantal, indeed, differ in many respects from 
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Vesuvius and Etna in the mineral constitution and 
structure of their lavas ; but it is that kind of differ- 
ence which we must expect to discover when we com- 
pare the products of any two active volcanos in distant 
r^ons, such as TenerifiPe and Hecla, or Hecia and 
CotopaxL 

The amygdaloidal structure in many of the trap 
formations proves that they were originally cellular 
and porous, like lava ; but the cells have been subse- 
quently filled up with silex, carbonate of lime, zeolite, 
and other ingredients which form the nodules. The 
absence of this amygdaloidal structure may be said to 
be one of the negative characters of granite and other 
plutonic rocks. 

Dr. Macculloch, after examining with great atten- 
tion the igneous rocks of Scotland, observes, <^ that it 
is a mere dispute about terms to refuse to the ancient 
eruptions of trap the name of submarine volcanos, for 
they are such in every essential point, although they 
no longer eject fire and smoke." * The same author 
also considers it not improbable that some of the 
volcanic rocks of the same country may have been 
poured out in the open air.f 

The recent examination . of the igneous rocks of 
Sicily, especially those of the Val di Noto, has proved 
that all the more ordinary varieties of European trap 
have been produced under the waters of the sea in the 
Newer Pliocene period ; that is to say, since the Me- 
diterranean has been inhabited by a great proportion 
of the existing species of testacea. We ar^ therefore, 
entitled to expect, that if we could obtain access to 
the existing bed of the ocean, and explore the igneous 

• Syst of GeoL, vol. ii. p. 114. t IWd- 



Ch. XXVLl RELATIONS OF ORAKITE AND TRAP. 355 

rocks poured out within the last five thousand years 
beneath the pressure of a sea of considerable depths 
we should behold formations of modem date very 
similar to the most ancient trap rocks of our island. 
We cannot, however, expect the identity to be perfect; 
for time is ever working some alteration in the compo- 
sition of these mineral masses, as, for example, by con- 
vertmg porous lava into amygdaloids. 

Passage from trap into granite. — If a division be 
attempted between the trappean and volcanic rocks, it 
must be made between different parts of the same 
volcano, — nay, even the same rock, which would be * 
called <' trap," where it fills a fissure and has assumed 
a solid crystalline form on slow cooling, must be 
termed volcanic, or lava, where 4t issues on the flanks 
of the mountain. Some geologists may, perhaps, be 
of opinion that melted matter, which has been poured 
out in the open air, may be conveniently called volcanic; 
while that which appears to have cooled at the bottom 
of the sea, or under pressure, but at no great depth 
from the surface, may be termed << trap:" but it is 
very doubtful whether such distinctions can be made 
without confusion, and whether we shall not be obliged 
to consider trap and volcanic as synonymous. On the 
other hand, the difficulty of discriminating the volcanic 
from the plutonic rocks is sufficiently great ; there 
being an insensible passage from the most common 
forms of granite into trap or lava. 

" The ordinary granite of Aberdeenshire," says 
Or. Macculloch, " is the usual ternary compound of 
quartz, felspar, and mica ; but sometimes hornblende is 
substituted for the mica. But in many places a 
variety occurs which is composed simply of felspar and 
hornblende ; and in examining more minutely this 
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duplicate compound^ it is observed in some places to 
assume a fine grain, and at length to become undistin- 
guishable from the greenstones of the trap family. It 
also passes in the same uninterrupted manner into a 
basalt, and at length into a soft claystone, with a 
schistose tendency on exposure, in no respect dif- 
fering from those of the tra{i islands of the western 
coast/' * The same author mentions, that in Shetland 
a granite composed of hornblende, mica, felspar^ and 
quartz graduates in an equally perfect manner into 

basalt, f 

It would be easy to multiply examples to prove that 

the granitic and trap rocks pass into each other, and 
are merely different forms which the same elements 
have assumed, according to the different circumstances 
under which they have consolidated from a state of 
fusion. What has been said respecting the mode of 
explaining the different texture of the central and ex- 
ternal parts of the Vesuvian dikes may enable the 
reader in some measure to comprehend how such dif- 
ferences may originate, j: 

The lavas, which are parous where they have flowed 
over the crater, and cooled rapidly under compara- 
tively slight pressure, appear compact and porphyritic 
in the dike. Now these dikes evidently communicate 
with the crater and the volcanic foci below ; so that 
we may suppose them to be continuous to a vast 
depth ; and the fluid niatter below, which cools and 
consolidates slowly under so enormous a pressure, 
may be conceived to acquire a very distinct and more 
crystalline texture, like granite. 

If it be objected that we do not find in mountain- 

• Syst. of Geol., vol. i. p. 157. t Ibid., p. 158. 

^ Sve p. 2S. 
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chains volcanic dikes passing upwards into lava, and 
downwards into granite, we may answer, that our ver- 
tical sections are usually of small extent; and if we 
find in certain places a transition from trap to porous 
lava, and in others a passage from granite to trap, it is 
as much as could be expected of this evidence. It 
should also be remembered, that a large proportion of 
the igneous rocks, when first formed, cannot be supposed 
to reach the surface, and these may assume the usual 
granitic texture without graduating into trap, or into 
such lava and scoriae as are found on the flanks of a 
volcanic cone. 

Theory of the origin of granite aJt aU periods, ^- It is 
not uncommon for lava streams to require more than 
ten years to cool in the open air ; and where they are 
of great depth, a much longer period. The melted 
matter poured from Jorullo, in Mexico, in the year 
1759, which accumulated in some places to the height 
of 550 feet, was found to retain a high temperature 
half a century after the eruption.* For what immense 
periods, then, may we not conceive that great masses 
of subterranean lava in the volcanic foci may remain 
in a red'hot or incandescent state, and how gradual 
must be the process of refrigeration I This process 
may be sometimes retarded for an indefinite period, 
by the accession of fresh supplies of heat ; for we find 
that the lava in the crater of StromboH, one of the 
Lipari islands, has been in a state of constant ebullition 
for the last two thousand years ; and we must suppose 
this fluid mass to communicate with some cauldron or 
reservoir of fused matter below. In the Isle of Bourbon, 
also, where there has been an emission of lava once in 

• See Vol. II. p. 187. 
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every two years for a long period, we may infer that the 
lava below is permanently in a state of liquefaction. 

The great pressure of a superincumbent mass, and 
exclusion from contact with the atmosphere, and per- 
haps with the ocean> are some of the conditions which 
may be necessary to produce the granitic texture ; but 
what I have before said of the causes of volcanic heat 
operating at considerable depths, will show how com- 
plicated may be the processes going on in the interior 
of the earth, and how different from any within the 
sphere of our observation at the surface.^ 

If plutonic rocks, such as granite or porphjrry, have 
originated &r below as often as the volcanic have been 
generated at the surface, it will follow .that no small 
quantity of the former class has been forming in the 
recent epoch ; since we suppose that about two thou- 
sand volcanic eruptions may occur in the course of 
every century, either above the waters of the sea or 
beneath them.f 

We may also infer, that during each preceding 
period, whether tertiary or secondary, there have been 
granites and granitiform rocks generated ; because we 
have already discovered the monuments of ancient 
volcanic eruptions of almost every period. 

In the next chapter I shall endeavour to show, that, 
in consequence of the great depths at which the plu- 
tonic rocks usually originate, and of the maimer in 
which they are associated with the older sedimentary 
strata of each district, it is rarely possible to determine 
with exactness their relative age. It may be true that 
the greater portion of them now visible are of higher 

* Book ii. cbapten 18. aad 19. f See VoL IL p. SS4^ 
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antiquity than the oldest secondary strata; and yet 
they may have been produced in nearly eqttal quan- 
tities during equeUperiods of time, from the earliest to 
the most modem epochs, instead of diminishing in 
quantity at each successive epoch, as some geologists 
pretend. 
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CHAPTER X»VH, • > . ' 

ON THE StRATIFIBD R00H6 OAI<LBI> *' l>RIItf A«»(^ ' 

Whether any *' primBry*' rocks are tnAy stratiiM -^^ XMfl&c^Dce 
bctin^Ben stratification and cleavage -** FroUs»r Sec^mviqiliifQ Vie 
Slaty and the Jointed Structure — Alteration of sedin>entazy 
strata by dikes (p. S71.) — Manner in which heat may be con- 
veyed through rocks — Conversion of sedimentary into crystal- 
line Strata — The term " Hypogene" jiroposed to a substitulii^lbr 
«< primary*' (p. S85.)— « Metamorphic*'^for ^^sb^ftedtprinityi^ 
rocks '— No regular order of succeasien of hyspggonet nyrki-** 
Cause of the high relative antiquity of visible by{^geaei)^n^ 
tions (p. 390.) — They may have been produced at .each sucoes- 
give period in equal quantities — Volume of hypogene rocks 
supposed to have been formed since the £ocene period'lL (in- 
cluding remarks. 

9 
■ I 

Whether awyjprimary rocks arestratified^r^lT has.)i^[^ 
stated that the rocks usually called/' P^im^i^/' ar£ 
divisible into the stratified and the unstr^ti£ed|;. frat 
some geologists have entertained doubts as to the^ pro- 
priety of ^plying the term stratified to any rpi^ of 
the crystalline or << primary'' class. Th^y ^dmit thai 
the latter are often made up of tabular masses, <ur beds 
placed one upon the other, something ;in thfi y vy yar ^iy 
of true strata ; but they deny that the analogy, U^^o per- 
fect as to indicate a similarity of origins wifOdtec 
words^ they do not believe the distincit beds m^ i^ich 
crystalline rocks, such as gneiss, mica-schist,, a^d imaa- 
blende-schist, are divided, to have been the result of 
sedimentary depositioin from water. 
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Noir it must be conceded that even in rocks which 
are unequiTocaliy of sedimentary origin, and which 
contain orj^ic remains, there are many lines of part- 
ing that might easily be mistaken for strata, yet which 
have no connection with stratification. Of these part- 
tings some have been distinguished by miners under 
the name of "joints," others by that of the " planes of 
cleavage." 

Cleavage or slaty sirudure. — In an admirable essay 
recently published on this subject. Professor Sedgwick 
has described the ordinary forms, and speculated on 
the probable origin, of these different kinds of struc- 
ture.* His descriptions are derived from an extensive 
series of original observations, made on the slate rocks 
of Cumberland and Wales, and will be read by all who 
are desirous of obtaining a clear and thorough know- 
ledge of this important class of phenomena. 

Some of these Cumbrian and Welsh rocks are de- 
cidedly of mechanical origin ; and some strata contain 
narine organic remains, so that they must have been de- 
posited from water. But besides being stratified, they 
tre intersected by cleavage planes, which are usually in- 
clined at a very considerable angle to the planes of the 
trata, and appear to be in no instance exactly coinci- 
lent with them. In some cases the difference is so 
mall that these planes might easily be supposed 
parallel; but their inclination to each other in the 
Velsh chains, is upon an average as much as S0° to 
O^. Sometimes the cleavage planes dip towards the 
ame point of the compass as those of stratification, 
ut more frequently they dip' to c^posite points. 

** In that variety of slate which is used for roofing," 

* Geol. Trans., Tot. iii. Second Series, p. 461 
vol.. IV. R 
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Professor Sedgwick, "the structure of the rock has 
been so modified that the traces of its original depos- 
ition are quite obliterated ; and this remark does not 
apply merely to single quarries, but sometimes to whole 
mountains. We can, however, in many slate quarries, 
and even in hand specimens of slate, discover a number 
of parallel stripes, sometimes of a lighter, and some- 
times of a darker colour than the general mass; and 
in rocks of the age I am considering, these stripes are 
universally parallel to the true bedding of the rocks* 
The proof of this is established by the fact that the 
assumption leads to consistent results ; that these 
stripes are always parallel to true beds whenever such 
beds can be discovered, whether by organic remains, by 
the alternations of dissimilar deposits, or by any other 
ordinary means. I have seen thousands of examples 
of the truth of the rule, and not one exception to it 
among rocks of the age I am considering. Sometimes 
all these means fail, and we may ramble for miles 
among mountains of slate without seeing a single trace 
of their original stratification. 

<< In examining a formation of greywack6, we may 
find thick well-defined beds, passing into thm flaggy 
beds ; and these, again, passing into masses, subdivided 
into very thin laminae. These thin laminae oflen re- 
semble the coarser varieties of slate, and are, indeed, 
sometimes used for the same purposes. There xnayt 
therefore, be cases where, as far as mineral structure 
is concerned, slatestanes of cleavage, and flagsiotui 
(which are layers produced by aqueous deposition), 
cannot be separated from each other. These cases 
-are, however, very rare exceptions. A flagstone is 
generally distinguished from a true slate by slight de- 
viations in its plane ; occasionally by what is called the 
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ripple mark ; by a dull granular surface ; by scattered 
flakes of mica, entirely unlike the continuous chloritic 
flakes of a true cleavage ; and sometimes by organic 
remains studded on 'its surface. By such indications 
as these, and by the undefinable power acquired by 
habit, a Welsh quarry-man, accustomed to work in the 
upper division of the schistose groups, seldom fails to 
separate the laminae of depositidn from true slates ; 
and in the same quarry he will point out the distinc- 
tion between the planes of stratification and the planes 
of cleavage. 

<' I think it obvious," continues the same author, "that 
the contortions of slate rocks are phenomena quite dis- 
tinct from cleavage, and that the curves presented by 
such formations are the true lines of disturbed strata." * 

In the accompanying section, given by the Professor 

Fig. 161. 




Parallel planet of cleavage intersecting curved strata. 

:o illustrate these appearances in the Welsh slate rocks, 
ve see the cleavage planes preserving an almost geo- 
netrical parallelism, while they pass through contorted 
trata of " hard greenish slate, obviously of sediment- 
iry origin." A region more than thirty miles in length, 
ind eight to ten in breadth, exhibits this structure on 
L magnificent scale. Many of the contorted strata 
' are of a coarse mechanical structure ; but subordinate 
o them are fine, crystalline, chloritic slates. But the 
oarser beds and the finer, the twisted and the straight, 

* Sedgwick, Geol. Trans., vol. iii. Second Series, p. 474. 
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have all been Bubjected to one change. Grystallme 
forces have re-arranged whole mountain masses of 
them, producing a beautiful crystalline cleavage^ pajss- 
ing alike through all the strata. And agalii, through all 
this region, whatever be the contortions of the rocks 
the planes of cleavage pass on, generally without de- 
viation, running in parallel lines from one end to the 
other, and inclining at a great angle to a point only a 
few degrees west of magnetic north. 

<< Without considering the crystalline flakes along 
the planes of cleavage, which prove that crystalline 
action has modified the whole mass, we may affirm that 
no retreat of parts, no contraction in dimensions in 
paissing to a solid state, can explain such phenomena 
as these. They appear to me only resolvable on the 
supposition that crystalline or polar forces acted on the 
whole mass simultaneously, in given directions, and 
with adequate power. 

<* There is at first sight a difficulty in comprehending 
the vastness of those forces, which nature must have 
applied in producing such effects. But difficulties of 
this kind are little thought of, if we can resolve them 
into any known mode of material action. IS'ow, in 
crystallization, there is something like a definite 
polarity in each particle, by which it is compelled to 
turn in a given direction, and group itself witli other 
particles in definite forms ; and if this modification ol 
internal structure be carried on through a very large 
mass of matter, is it not probable that there is an ac- 
cumulated intensity of crystalline action in each part, 
so that the whole intensity of crystalline force modi* 
fying the mass is not equal to the sum of tbe forces 
necessary to crystallize each part independently, but 
is some function of that sum, whereby it may be in- 
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creased almost hidefinitely ? t see nothing itnprobabld 
in this kind of accumulated attraction, and it will ex- 
plain many geological phenomena.** * 

" As the effects,** he continues, " which have been 
produced through spaces of great extent are nearly 
uniform, the crystalline forces must have been nearly 
uniform, at least as to certain directions, which seems 
to imply a certain degree of homogeneity in the 
masses'acted on ; and, as a matter of fact, where the 
slaty cleavage is very perfectly brought out, the struc- 
ture of the rock always makes an approach to homo- 
geneity. Where the quartzose beds of coarse grey- 
wacke abound very much, the cleavage is seldom very 
perfect, or is at least confined to particular strata.**f 

Jointed strticture. — " Besides the planes of cleav- 
age,** observes Professor Sedgwick, " we often find in 
large slate quarries one or more sets of cross joints, 
which, combined with cleavage, divide the rock into 
rhombohedral solids. These solids are not capable of 
indefinite subdivision into similar solids, except in one 
direction, namely, that of true cleavage ; and in this 
way, even in hand specimens, we may generally dis- 
tinguish the true cleavage planes from the joints. 
These last are fissures placed at definite distances from 
each othery the masses of rock between them having, 
generally speakings no tendency to cleave in a direc- 
tion parallel to them. Such a structure seems in most 
cases to have been produced mechanically, either by a 
strain upon the rock from external force, producing 
more or less regular sets of cracks and fissures, or by 
1 mechanical tension on the • mass, produced probably 

• Sedgwick, Geol. Trans., yoliii. Second Series, pp. 477, 478. 
•f- Sedgwick, ibid., p. 478. 
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by contraction, during its passage from a fluid, or semi- 
fluid, into a solid state. Cleavage plfOies are» on the 
contrary, the results of the ultimate chemical arrange- 
ment of the particles of a rock, and appear in most 
cases to be unconnected with any direct mechanical 
action. 

<< A slaty and joined structure are, however, often 
exhibited together ; and cases may arise where it is 
almost impossible to decide whether a certain set of 
fissures are to be called joints, or cleavage planes : bat 
difficulties of this kind are the exception, and not the 
rule." • 

The jointed structure is common both to the strati- 
fied and unstratified rocks ; but is best seen in the on- 
stratified, as in granite, or columnar basalt. In the 
Swiss and Savoy Alps, Mr. Bakewell has well re- 
marked that enormous masses of limestone are cat 
through so regularly by nearly vertical partings, and 
these are often so much more conspicuous than the 
seams of stratification, that an unexperienced observer 
will almost inevitably confound them, and suppose the 
strata to be perpendicular when in fact they are al- 
most horizontal.-!- 

The cause of this tendency to a jointed structure is 
by no means understood ; but it appears, firom recent 
observations, that ice sometimes presents a similar 
arrangement of parts. Scoresby, indeed, when speak- 
ing of the icebergs of Spitzbergen, had long ago stated, 
<< that they are full of rents, extending perpendicularly 
downwards, and dividing them into innumerable co- 
lumns." Colonel Jackson has lately investigated this 
subject more attentively, and has found that the ice 

* Sedgwick, Geol. Trans., vol. iii. Second Series, pp. 480, 481. 
f Introduction to Geology, chap, ir. 
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on the Neva, at St. Petersburg, at the beginniDg of 
a thaw, when two feet in thickness, is traversed by 
rows of very minute air-bubbles extending in straight 
lines, sometimes a little inflected, from the upper sur- 
face of the ice towards the lower, within from two to 
five inches of which they terminate. " Other blocks 
presented these bubbles united, so as to form cylin* 
drical canals, a little thicker than a horse-hair. Ob. 
serving still further,** he says, " I found blocks in which 
the process was more advanced, and two, three, or 
more clefls, struck off in different directions from the 
vertical veins, so that a section perpendicular to the 
vein would represent in miniature the star-formed 
cracks of timber. Finally, in some pieces, these 
cracks united from top to bottom of the veins, separ- 
ating the whole mass into vertical prisms, having a 
greater or less number of sides. In this state a slight 
shock was sufficient to detach them ; and the block 
with its scattered fragments was in all respects the 
exact miniature resemblance^ in crystal, of a Giant's 
Causeway. The surface was like a tessellated pave- 
ment, and the columns rose close, adhering and pa- 
rallel, from the compact mass of a few inches at the 
under surface. More or less time is required for the 
process, which I have since seen in all its different 
stages." * 

Stratification of granitic schists, — If we examine 
gneiss, which consists of the same materials as granite 
or mica- schist, which is a compound of quartz and mica, 
or hornblende schist, which is formed of hornblende and 
felspar, or any other member of the so-called primary 
division, we find that they are each made up of asucces- 

* Journ. of Roy. Geogr. Soc., vol. v. p. 19. 

R 4 



q^ANiTii; sciu^T^ , 



.Ifi^li 



sion otheit, the plapea of njii«hAre>.to Sicertftiaei- 
tent, parallel to each other in a maoDec anplogoiu U 
that exhibited hy sedimentary formatipns qF all fi^es- 
- The; may occasionally exhibit, ia addiUoo* both a 
jginted and a slaty structure ; but they are aJfio divided 
into uneven foliated layers, or in some cases iDtO thick 
beds which resemble strata of deposition. 

The resemblance to stratification in the granitic 
schists often extends very &r ; for the beds are oc- 
casionally contorted, or they are made up of laminc 
placed diagonally, as in many sedimentary fonqatiims 
before described *, such laminas not being r^utarly 
parallel like the planes of cleavage. 

This disposition of the layers is illustrated in the 
accompanying diagram, in which I have repreaented 




Fig. l«i. 
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carefiilly the stratification of a coane ar^Uaceoos 
schist, which I examined in the Pyrenees, part of 
which approaches in character to a green ami- blue 
roofing slate, while part ii extremely quartsose, the 
whole mass passing downwards into mlcaceom achist. 
The vertical section here exhibited is riMUt tfiree feet 
m ^igfat, and the layers are sometime* so Aid tiiat 

* See above, f. 91. 



' ' I 



hi, J^XVlI.] PASSAGE 6t GKili'S'S liJTO GRANITE. 3^9 

fify tfirfy "tie fcouiiteii in' the thickness of an incli. 
Sbnte o'f tHfeni'^cottisist^of pure quartiz:. 

AtiOthef '^triMft^ point of analogy between the 
£ftrat!fi'catibn'bif' the erystalKne formations and that of 
the secondary an& tertiary periods, is the aTternation, in 
each, bf 'beds varying ^eatly in composition^ colour, 
and thickness. We observe, for instance, gneiss al- 
ternating with layers of black hornblende- schist, or 
With graniilaf quartz or limestone ; and the interchange 
of these difiereiit strata may be repeated for an inde- 
finitd number of times. In like manner, mica-schist 
alternate's 'With chlorite -schist, and with granular 
limestone in thin layers. 

As we observe in the secondary and tertiary form- 
ations strata ' bf pure siliceous sand alternating with 
micaceous sand and with layers of clay, so in the 
" primary " we have beds of pure quartz rock alter- 
nating with mica-schist and clay-slate. As in the 
secondary and tertiary series we meet with limestone 
alternating again and again with micaceous or argilla- 
ceous sand, so we find in the ^< primary " gneiss and 
mica-schist alternating with pure and impure granular 
limestones. 

Ptissage of gneiss into granite. — But if we attribute 
the stratification of gneiss, mica-schist, and other as- 
sociated rocks, to sedimentary deposition fi*om aBui4, 
ivG encounter this difficulty, that there is often a trans* 
tion from gneiss, a member of the stratified and 
herefore vedimentary seri^, into granite, wfaich^ as I 
lave shown, is of igneous origin. Qneiss is cofsposed 
)f the saraeio^edieDts asgranke, and its texture k 
^quidly cryatyiine. It sometines occurs in thick beds» 
jid in these the rock is often quite undistinguishable, 
n hand specimens^ front granite ; yet the lines of 

R 5 
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tee in the nstanoe abore eked that^key did not pte* 
viousiy exist in die shale and limestoae^ bat have 
evldeiitly been produced by heat or heated gEset in 
rocks in which the marks of stratificatiMi have ntt 
been efiaced. 

SiirUftg Ceutle* — To select another exumple of 
alteration by dikes: the rock of Stirling CastW ia acal^ 
careous sandstone, fractured and forcibly dtaplaced by 
a mass of green-stone, which has evidently invadied^ 
strata in a melted state. The sandstone has been in* 
durated, and has assumed a texture approacdiiiig to 
horns tone near the junction. So also in Acthur'6 Seat 
and Salisbury Craig, near Edinburgh, a sdadstcme is 
seen to come in contact with green-stone^ and' to he 
converted into a jaspideous rock. * 

AfOrim. -^In several parts of the county of Antrim, 
in the north of Ireland, chalk with flints is traversed 
by basaltic dikes. The chalk is there converted into 
granular marble near the basalt, the change sometisMB 
extending eight or ten feet from the wall of the dike, 
being greatest near the point of contact, and theaoc 
gradually decreasing till it becomes evanescent. ^ The 
extreme effect," eays Dr. Berger, << presents a daik 
brown crystalline limestone, the crystals rmuiiii^ in 
flakes as large as those of coarse primiiive limestone; 
the nekt state is saccharine, then fine-grained and 
arenaceous ; a compact variety, having a porodiianous 
aspect and a bluish-grey colour, succeeds: this, towaids 
the outer edge, becomes yellowish white, and insen- 
sibly graduates into the unaltered chalk. The flints in 
the altered chalk usually assume a grey- yeJIowisfa 

• lUust. of Hutt Theory, §§ 253 and 261. Dr. MaccuHoA, 
^eol. Trans., First Series, voL ii. p. S05. 



cokur" * AH traceS'Of xNngamerenmiiiBrare effitoed^iii 
that part of the' limei^tdae ^dikdi is raosl o^ataUme.' 

As Uie earbonicacid has not been expeUedy in- this 
mtanoie^y fhim that |iart of the rock which must be 
supposed to havb been melted, the change probably 
took phiee under considerable pressure ; for Sir Jatmes 
Hail proved, that, under ordinary circumstances, it 
would require the weight of about 1700 feet of sea« 
water, which would be equivalent to the pressure of a 
column q£ liquid lava about 600 feet high, to prevent 
this aoid from being given off. The experiments of 
F-araday have recoitiy shown that, if carbonate of lime 
be peH^olly dry, it may be melted under a very slight 
pressure, without the carbonic acid assuming a gas- 
eous form ; but it is probable that in the earth's crust 
calcareous rocks are rarely, if ever, entirely free firom 
moisture. 

Another of the dikes of the north-east of Ireland 
has converted a mass o£ red*sandstone into horastone^f 
By another,- the slate-clay of the coal-measures has 
been indurated, and has assumed the diaraoter otHmtf 
slate % ; and in another place the slate-clay of the lias 
has been changed into flinty slate, whidi still retaras 
numerous impressions of ammonites. $ One -of the 
green-stone dikes of the same country passes through 
a bed of coal, whidi it reduces to a cinder for the spaoe 
of nine feet on each side. || Yet diere are places in 
the north of Ireland, wher^ the chalk is scarcely, if at 

V 

■* Dr. Berger, Geol. Trans., First Series, vol. iii. p. 172. 

t Rev. W. Go&ybean^, G«dl. Trans., First Series, vol. iii. p.201. 

I Ibid., p. 205. 

§ Ibid., p. 213. ; and Pl8yfair,.Illu5t. of Hutt Theory, § 253. 

I Ibid., p. 206. 
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all, altered by the contact of basaltic dikes, and a 
similar phenomenon is not unfrequent in other districts, 
at the junction of trap with different kinds of strata 
This great inequality in the effects of the igneous rocks 
may often arise from an original differ^ce in their tem- 
perature and in that of the entangled gases, such as is 
ascertained to prevail in different lavas, or in the same 
lava near its source and at a distance from it. The 
power also of the invaded rocks to conduct heat may 
vary according to their composition, structure, and the 
fractures which they may have experienced, and, per* 
haps, as I shall hint in the sequel, the quantity of steam 
or hot water they contain. It should also be borne in 
mind that in some cases the melted rock may b^in to 
cool from the first ; whereas, in other cases, although 
parting constantly with its heat, it may receive fresh 
accessions of caloric from below. 

The secondary sandstones in Sky are converted into 
solid quartz in several places where they come in con* 
tact with veins or masses of trap ; and a bed of quarts 
says Dr. Macculloch, has been found near a mass of 
trap, among the coal-strata of Fife, which was in all 
probability a stratum of ordinary sandstone subsequently 
indurated by the action of heat* 

AUereUions of strata in contact with granite. — Having 
selected these from innumerable examples of changes 
produced by volcanic dikes, we may next consider 
those caused by the contiguity of plutonic rocks. To 
some of these I have already adverted, when speaking 
of granite veins, and endeavouring to establish the 
igneous origin of granite. It was stated that the main 
body of the Cornish granite sends forth veins through 

• Syst. of Geol., vol, i. p.;^206. 
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the killas of that country * , — a coarse argillaceous 
schist, which is converted into hornblende-schist near 
the contact with the veins. These appearances are well 
seen at the junction of the granite and killas in St. 
MichaeFs Mount, a small island nearly 300 feet high^ 
situated in the bay, at a distance of about three miles 
from Penzance. 

Tlie granite, says Mr. De la Beche, of Dartmoor, 
in Devonshire, has intruded itself into the greywack^? 
twisting and contorting the strata, and sending veins 
into them. Hence some of the slate rocks have be- 
come ' '* micaceous, others more indurated, and with 
the characters of mica slate and gneiss, while others 
again appear converted into a hard-zoned rock strongly 
impregnated with felspar." f 

We learn from the investigations of M. Dufrenoy, 
that in tl>e eastern Pyrenees there are mountain masses 
of granite posterior in date to the lias and chalk of that 
district, and that these secondary rocks are greatly 
altered in texture, and often charged with iron ore, in 
the neighbourhood of the granite. Thus in the envi- 
rons of St. Martin, near St. Paul de Fenouillet, the 
the chalky limestone becomes more crystalline and 
saccharoid as it approaches the granite, and loses all 
traces of the fossils Which it previously contained in 
abundance. At some points also it becomes dolomitic, 
and filled with small veins of carbonate of iron, and 
spots of red iron-ore. At Ranci6 the lias nearest the 
granite is not only filled with iron-ore, but charged with 
pyrites, tremolite, garnet, and a new mineral somewhat 
allied to felspar, called, from the place in the Pyrenees 
where it occurs, " couzeranite." 

* See diagram, Fig. 159. f Geol. Manual, p. 479. 
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In the 'department of the RautesAlpee m France, 
near Viulle, M. Elie de Beaumont traced a black 
ai^illaceouB limestone charged with belemnites, to 
withb a few yards of a mass of granite Here the 




limestone begine to put on a granular texture* but is 
extremely fine-grained. When nearer the junctiao, il 
becomes grey and has a saccharoid structure. In 
another locality, near Champoleon, a granite congjosed 
of quartz, black mica, and rose-coloured felspar, a 
observed partly to overlie the secondary rocks, pro- 
ducing an alteration which extends for about tliir^ 
feet downwards, diminishing in the beds which lie 
farthest from the granite. (See Fig. 163.) In the 
altered mass the argillaceous beds are hardened, the 
limestone is saccharmd, the grits quartzose, and io \be 
midst of them is a thin layer of an imperfect granite. 
It is also an important circumstance, that near th$ 
Mnt of contact, both the granite and the secondary 
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rocks bu^comemet/^ifeiroufiy an^ epnti^in aests anjd^m^ 
reins, of blende, galena, iroq, and co^er pyrites* The 
stratified rocks become harder and more crystalline 
but the granite, on the contrary, softer and less per- 
fectly crystallized near the junction.* 

It w'ilf appear from sections in the Alps, described 
by M. Hugi, tiiat some of the secondary beds of lime- 
stone and slate^ which are in a similar manner overlaid 
by granite, have been altered into gneiss and mica- 
schist.f Some of these altered sedimentary form- 
ations are supposed, by M. Elie de Beaumont, to be of 
tlie age of the lias of England, and others to be even 
as modern as the Jurassic or oolite formations. 

We can scarcely doubt, in these cases, that the heat 
communicated by the granitic mass, accompanied, 
perhaps, by gases at a high temperature^ have reduced 
the contiguous strata to semifusion, and that, on cool- 
ing slowly, the rock assumed a crystalline texture. 
The experiments of Gregory Watt prove, distinctly, 
that a rock need not be perfectly melted in order that 
a re-arrangement of its component particles should 
take placej and that a more crystalline texture should 
ensue.j: We may easily suppose, therefore, that all 
traces of shells and other organic remains may be de- 
stroyed, and that new chemical combinations may 
arise, without the mass being, so fused as that the lines 
of stratification should be wholly obliterated. 

In allusion to the passage from granite to gneiss, 
above described §, Dr. MaccuUoch remarks, that, <* in 
numerous parts of Scotland, where the leading masses 

* £Ue de Beaumont, sur les Montagnes de TOisans, ^1^* 
M6i^^ de la Soc. d*Hist. Nat. de Paris, tome v. 
f Natur. Uistorische Alpenreise, Soleure, 1830. 
\ Phil. Trails.^ 1804. § See p. 369. 
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of gneiss are schistose^ evenly stratified, and scarcely 
ever traversed by granite veins, they become contorted 
and irregular as they approach the granite ; assuming 
also the granitic character, and becoming intersected 
by veins, numerous in proportion to the vicinity of the 
mass. The conclusion,'' he adds, 'Ms obvious; the 
fluid granite has invaded the aqueous stratum as &r as 
its influence could reach, and thus far has filled it with 
veins, disturbed its regularity, and generated in it a 
new mineral character, oflen absolutely confounded 
with its own. And if the more remote beds, and 
those alternating with other rocks, are not thus af- 
fected, it is not only that it has acted less on those; 
but that, if it had equally affected them, they never 
could have existed, or would have been all granitic 
and venous gneiss." * 

It should, however, be understood, that the alter- 
ations caused by volcanic dikes, granite veins, and 
even large masses of granite, can only afford us some 
analogy to those which have given rise to the meta- 
morphic structure ; for, according to the views ex- 
plained in the second book (chaps. 18 and 19.), vol- 
canic heat itself may be derived from chemical and 
electrical action pervading large portions of the earth's 
crust. This action, which, when most intense, may 
reduce the elements of rocks to fusion, and give rise to 
the most perfect granitic structure, may perhaps, when 
less energetic, give rise to a crystalline texture, with- 
out destroying stratification. 

As to the degree of heat required to superinduce 
such changes, it must, in the present state of science, 
be matter of conjecture ; but some geologists object to 

• Syst. of Geol., vol. ii. p. 145. 
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the roetamorphic theory, on the ground that rocks are 
extremely bad conductors^ of heat. Now it is worthy 
of consideration, how far heat, instead of being con- 
ducted through the solid parts of rocks, may be 
carried by heated gases through their pores ; for we 
have seen that volcanic eruptions are attended by the 
evolution of steam and other gases, which rush out in 
enormous volume, and at a high temperature, for days, 
iveeks, or years continuously, and which are given off 
by lava even after it has begun to assume a solid form. 
These aeriform fluids, if unable to force their way 
into the atmosphere, may, nevertheless, when brought 
nto contact with rocks, pass through their pores. 
According to the experiments of Henry, water, under 
in hydrostatic pressure of ninety.six feet, will absorb 
:hree times as much carbonic acid gas as it can under 
;he ordinary pressure of the atmosphere. Although 
his increased power of absorption would be dimi- 
lished, in consequence of the higher temperature 
bund to exist as we descend in the earth, yet 
Professor Bischoff has shown that the heat by no 
neans augments in such a proportion as to counteract 
he effect of augmented pressure-* There are other 
^ases, as well as the carbonic acid, which water 
ibsorbs, and more rapidly in proportion to the amount 
»f pressure. Now even the most compact rocks may 
le regarded, before they have been exposed to the air 
nd dried, in the light of sponges filled with water ; 
nd it is conceivable that heated gases, brought into 
ontact with them, at great depths, may be absorbed 
eadily, and transfused through their pores. Although 
he gaseous matter first absorbed would soon be con- 

* Foggendorrs Annalen, No. XVI. Second Series, vol. iii. 
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densedy .aad part 'vdtbiu- hettty ^t 'tiie ccnhftimied 
arfivai of fmh. sautes froinfifelW, might, in' tire 
course of ages, cause the temperature of '^e^ Wxter, 
and wUk it that of the containiag roek, to be ihateiiaHj 
raised 

M. Fomm^y in his deseripttcm of the itietsdiieraas 
gneiss near Clermont, in Anvei^ne, states that alf the 
Bunute fissures of the rock are quite sattnrated widi 
firee carbonic acid gas, which rises plentifully irom the 
soil thece and in many parts of the surroiiiiding 
country. The various elements of the gneiss,' inth 
tibe exception of the quartz, are all sofl^ed ; ^uidi^ew 
combinations of the acid, with lime, irbn, uhd inan- 
gpaneae, are continually in progress.* 
'. Another Dlustration of the power of Subtertranean 
gases is afforded by the stufas of St. Calogero, situated 
in the lai^est of the lAj^ari Islands. Here, according 
ta.tbe description lately published by I^fihmnn^ bori- 
a^ntal strata of tuff, extending for four miles Blong 
ihe coast, and forming cliffs more than 200'iBiet h^f 
have been discoloured in various places, aod strtbigelj 
altered by the ^ all-penetrating vapours." Dai-k bkys 
hay« become ydiow, or ofln snow-white ; or have as- 
s^im^d a chequered and brecciated appearance,' beiiig 
cxo8sed with ferruginous red stripes. In some places 
the fumeroles have been found by analysis to cofisist 
partly of sublimations of oxide of iron ; 'but it also 
appears that veins of calcedony and opal, and otbers of 
^rous gypsum, have resulted from &ese volcanic 

e3ihalations.t 

I have before referred to M'.«Virle1fs account of tbe 
corrosion of hard, flinty, and jaspideous.rock^vBear 

* See VoL I. p. 327. 

t Hofiixmim's LipeirUchexi InBeln, p. 98^ Ltfplig, IdSS. ' 
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CorbU^ .l)y. the .{trolpiigiedtagtBnoy of' srabterraneaa 
g^ses* ; and to Dr« Haubeny'adeaoFiptum of the de* 
cxini^ositioD of trac^yitic TOck$ in < the Siifatara> near 
Na{^iie9t by.aulphwratted hydrogen and muriatic acid 
gases, f 

Al^ougb in all these instances we can only stody 
th^ pbeoomepa as exhibited at the surface, it is cleat 
that the gaseous fluids must have made their way 
through the whole thickness of porous or fissured rocks, 
wbiph intervene between the subterranean reservoirs 
of gas and. the external air. The extent therefore of 
the earth^s crust, which the vapours have pevmeated 
ai^d ,are now permeating, may be thousands of fathoms 
in thickness, and their heating and modifying influence 
may be spread throughout the whde of this solid 
ma^s. 

The study of metaliferous veins alsoi^ especially 
thpse which are admitted to be fissures filled frorn^ 
belpw^ is calculated, to throw light on the manner ilr 
wikuc^li heatc^d vapours and aqueous solutions may find* 
their ^ay up through the interstices of rocks, vaamng 
their tei^p^ature, and sometimes transilising into tlii^m 
new n^neral substances. A great number of these 
fi$iia!^/^s hav^. evidently been filled in the first- instance 
wMh rubbish, resulting from fragments of the adjoining 
rocks,; and through this rubbish various siliceous, cal* 
careous, and metallic vapours or solutions appear to 
have risen, causing precipitates of quartz, hornsiotle,' 
calcareous spar, lead, zinc, and other metois, often 
perfectly distinct in their composition from any of the 
el^eqients of the rocks which ^nm the walb of such 

'* -8e9 Vdl. in. p. 225. ; and Butletia de la Soc. Gdol. de 
France, torn. ii. p. 330. ^ 

t See YqI. II. p. 143* ; and Daubeny's Vokanoo* p* 167. 
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fissures. Proofs are not wanting that these rents have 
been caused and filled at different epochs. Thus, for 
example, some of the silver and cobalt veins in Bohemia 
appear, from the observations of Mayer and Foumet, 
to be of the age of the chalk *, while other metaliferous 
veins, in the same district, were contemporaneous with 
a tertiary basaltf M. Necker has also shown that a 
relation exists between the position of numerous me- 
tallic veins in various countries and subjacent masses 
of plutonic rock; so that the emanations rising firom 
such igneous masses may, in many instances, have 
given rise to the more crystalline substances, whether 
metallic or not, which constitute the contents of the 
veins. 

.If after more fully reflecting upon those various 
causes of change in the composition and structure of 
rocks, which have only been glanced at in the above 
sketch, the reader conceives the possibility of a very 
great amount of 'alteration being induced in the course 
of time, he may be prepared to conjecture that g^neiss 
and mica*schist may be nothing more than altered mi- 
caceous and argillaceous sandstones, and that granular 
quartz may have been derived from siliceous sandstone, 
and compact quartz from the same materials. Ciaj- 
slate may be altered shale, and shale appears to be daj 
which has been subjected to great pressure. Granular 
marble has probably originated in the form of ordinary 
limestone, having in many instances been replete widi 
shells and corals now obliterated, while calcareous 
sands and marls have been changed into impure crys- 
talline limestones. 

* D*Aubuisson, Traits de G6og,f torn. iii. p. 497. 
t Ibid., p. 508. 
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'< Hornblende-schist," says Dr. MaccuUoch, <^may 
at first have been mere clay ; for clay or shale is found 
altered by trap into Lydian stone, a substance differing 
from hornblende-schist almost solely in compactness 
and uniformity of texture." * ^< In Shetland," remarks 
the same author, " argillaceous-schist (or clay-slate), 
when in contact with granite, is sometimes converted 
into hornblende-schist, the schist becoming first sili- 
ceous, and ultimately, at the contact, hornblende- 
schist." f 

Associated with the rocks termed primary, we meet 
with anthracite, just as we find beds of coal in sedi- 
mentary formations; and we know that, in the vicinity 
of some trap dikes, coal is converted into anthracite. 

This theory, if confirmed by observation and ex- 
periment, may enable us to account for the high 
position in the series usually held by clay-slate re- 
latively to hornblende-schist, as also to gneiss and mica- 
schist, which so commonly alternate with hornblende- 
schist ; for we must suppose the heat which alters the 
strata to proceed, in almost all cases, from below up- 
wards, and to act with greatest intensity on the inferior 
strata. If, therefore, several sets of argillaceous strata 
or shales be superimposed upon each other in a vertical 
series of beds in the same district, the lowest of these 
will be converted into hornblende-schist, while the up- 
permost may continue in the condition of clay-slate. 

It has been objected that the chemical composition 
of the secondary strata differs essentially from that of 
the crystalline schists into which they are supposed to 
be convertible. J The " primary " schists, it is said, 

* Syst of Geol., vol. i. p. 210. f Ibid., p. 211. 

t Dr. Boase, Primaiy Geology, p. 319. 
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iMiMliy «ofitcdii « <i(Mkteiid>M ptipbMilk^^ifMt% 
of soda, whuAi tho oeeooiiirf tkyi, ohiMi oAd^af^A 
not, thooe loBt being tfne- mutt ofcbe deoMi)M>iilliOfi «r 
£riflpalhic rocko, from whick the ottedlido^ Mmef %w 
been abotmcted during the preeois of deb&imp&MimL 
But this reasoning proceeds <m insolBcieiit aM a^ 
parentlj mistaken data; for a large portiont ef^vlttt is 
usually called clay^ marl, shale, and slate doeo aeioriiy 
contain a certain and often a considerable proportion sf 
alkali ; so that it is difficult in many countries to obCafD 
day or shale sufficiently free firom alkldine higredfents 
to allow of their being burnt into bricks <ir used fiir 
pottery. -> ■ 

Thus the argillaceous shales, as they are caUed, md 
slates of the old red-sandstone, in Forfarshire and other 
parts of Scotland, are so much charged with alkrii^ 
derived from triturated felspar, that instead of faaHao- 
ing wlien exposed to fire, they melt readiij- nto s 
glass. They appear to consist of extremely 
grains of the various ingredients of granite, 
distinctly visible in the coarser-grained varieCiee» sni 
in dmost all the interposed sandstones. These- Imm- 
nated cla}^^, marls, and shales might certainiy, if crys- 
tallized, resemble in composition many of the fUrvmmj 
strata. 

Another objection to the metamorphic tbeory has 
been derived from the alternation of highly crjrstalliBe 
strata with others having a less crystailhse feactuie 
The heat, it is said, in its ascent from below 
traversed the less altered schists before it 
a higher and more crystalline bedv In atiswier to 
thisy St may be observed, that if a number of «|raia 
differing greatly in composition from each oth^ be 
subjected to equal quaniitiea of beat, th^e is every 



9aiiie;#|b#rfiBgnedM!kit oai^aMft of acthig^ as afhDc;«while 
olt*ei».mv te 4eltttitt0 of the mate elements^ and so 
r^fe^cfio^iM'.to be- very tli^itlj affiteted by a degree 
of Jheftl^ ^^apeblo^f rediieiiig oth^v to semi-fiision. Nor 
idhoiild/iti'be fbrgotten that, as a general rule, the less 
Qi;y«|liUm«rockt do really occur in the upper^ and the 
nopeie cr^^tamiieiii tlie lower part of each metamorphic 
sfirie^ 

To some it appears a phenomenon Tery difficult of 
eKpl^iiatioiiy tkat detached masses of granite, and even 
layers of it, should often occur in the midst of strata, 
ieartMrooDtact with granite. This appearance of 
ifofcition ga.Hittally deceptive, arising from the inter- 
soslion Id ' a > vertical precipice of tortuous veins of 
granite^' as Professor Henslow has shown to be the 
oasi^itt several pkees in the cliffs of Anglesea.* I may 
alio fcnaik, that if unaltered sedimentary strata con- 
taiaed heve and there layers or nests of the ingredients 
of'^[raBite> ihe rest of the mass consisting of difierent 
ntaletiala, and if the temperature of the whole has 
beeo aufficietitly raised by plutonic action, the result 
might be, thai nodules and threads of gnmite might 
be formed in certain spots only. 

The 'term ^^Hypogene" proposed insiead of iVt- 
nmyt^-^Ji will appear from the reasoning explained in 
thia and the preceding chapter, that the popular no* 
mendatuve of Geology, in reference to the rocks called 
^fflriiMvy," is not only imperfect, but in a great degree 
fepndad on a false theory; inasmuch as some granites 
Bmi granitic aehtsta are of origin postci^ior to many 

▼OL. IV. S 
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secondary roeks. In other words, some jmmafy finm- 
ations can already be shown to be newer tban maay 
9econdary groups— -'a manifest eontradictimi in temu. 

Yet granite and ^eiss, and the familiefl of stratified 
and nnstratified rocks connected with eadi of theO) 
belong to one great natural division of mineral masses 
having certain characters in common; and it is there 
fore convenient that the class to which they beloog 
should receive some common name — a name whid 
m ust not be of chronological import, and must express 
on the one hand, some peculiarity equally attribiUaUe 
to granite and gneiss (to the plutonic as well ss the 
altered rocks), and which, on the other, must have refer- 
ence to characters in which those rocks differ, both 
from the volcanic and from the unaUered sedimentarj 
strata. I propose the term " hypogene " for this pur* 
pose, derived from vn-o, subiery and ytxo/Aoci, nascor; a 
word implying the theory that granite and gneiss are 
both nether-formed rocks, or rocks which have not as- 
sumed their present form and structure at the 8ur£ux. 
It is true that gneiss and all stratified rocl» must hare 
been deposited originally at the surface, or on t2iat part 
of the surface of the globe which is covered by water; 
but, according to the views explained in this and the 
foregoing chapter, they could never have acsquired 
their crystalline texture, unless acted upon by beat and 
chemical forces under pressure in those regions, and 
under those circumstances where the plutonic rocks 
are generated. 

The term '^ Metamarpkic" prcpased far Hratifi^ 
primary. — We may divide the hypogene rocks, theo, 
into the unstratified, or plutonic, and the altered stra- 
tified. For these last the term '< metamorphic" (fi*oin 
MCTtf, traiUf /Mp^, formal may be used. The last* 
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mentioned name need not, however, be often resorted 
to, because we may speak of h3rpogeDe ^nUay hype- 
gene ^meslom, hypogene iMH; and this appellation 
will suffice to distinguish the formations so designated 
ftoxa the plutonic rocks. By referring to the table (No. II. 
p. 402.), the reader wdll see the chronological relation 
which I conceive the two classes of hypogene rocks 
to bear to the strata of different ages. 

No order ^ suooessum in hypogene formaiUms. — 
When we regard the tertiary and secondary form- 
ations simply as mineral masses uncharacterized by or- 
ganic remains, we perceive an indefinite series of beds 
of limestone, clay, marl, siliceous sand, sandstone, coal, 
and other materials, alternating again and again with- 
out any fixed or determinate order of position. The 
same may be said of the hypogene formations ; for ia 
these a similar want of arrangement is manifest, if we 
compare those occurring in different countries. Gneiss, 
mica-schist, hornblende-schist, quartz rock, hypogene 
limestone, and tlie rest, have no invariable- order of 
superposition, although, for reasons above explained, 
clay-slate must usually hold a superior position relatively 
to hornblende-schist. 

I do not deny that, in a particular mountain-chain, 
a chronological succession of hypogene formations may 
be recognized, for the sune reason that in a country 
of limited extent there b an order of positicm in the 
secondary and tertiary rocks, limestone pFcdominating 
in one part of the series, day in another, siliceous 
sand in a third, and so of other compounds. It is pro- 
bable that a similar prevalence id a regular order of 
arrangement in the hypogene series throughout certain 
districts led the earlier geolo^ts into a belief that 
they sboiild be aUe to fix a definiCe order of succession 

s 2 
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ftr the Tatious members of this great class thronghont 
the world.- 

That expectation has certaiufy not been rei^i%ed; 
yet was it more reaaofiable than tlie doctrine of the 
imiversality of particular kinds of rock which were 
admitted to be of sedimentary origin ; for there n 
undoubtedly a remarkable identity in the mineral dm- 
racter of the hypogene formations, both stratified and 
unstratified, in all countries ; although the notion of a 
uniform order of succession in the different groups must 
be abandoned. 

The student may, perhaps, object to the views d[)Ove 
given of the relation of the sedimentary and metamor- 
phic rocks, on the ground that there is frequently, in- 
deed usually, an abrupt passage from one to the other. 
-This phenomenon, however, admits of the same expla- 
nation as the fact that the beds of lakes and seas are 
now frequently composed of hypogene rocks. In these 
localities the hypogene formations have been brought 
up near to the surface, and laid bare by denudation. 
New sedimentary strata are thrown down upon tbem, 
and in this manner the two classes of rocks, the aque- 
ous and the hypogene, come into immediate contact, 
without any gradation from one to the other. As we 
suppose the plutonic and metamorphic rocks to have 
been uplifted at all periods in the earth's history, so as 
to have formed the bottom of the ocean and of lakes, 
by the same operaticms which have carried up marme 
strata to the summits of lofly mountains, we nrnst 
suppose the juxtaposition of the two great orders of 
rocks, now aUuded to, to have been a necessary result 
of all former revolutions of the globe. 

But occasionally a transition is observmblelroiai strata 
containing shells, and displaying an evident mechanical 



structure^ to odier^ which are' p^fttifiUy alteiied \ and 
from these again we sometimes pass insensibly into th^ 
hjpogene series. Som^ <tf the argiUaoeous sdiists in 
Cornwall are of this descripti^V being u&distingutBh- 
able from the hypogene schists of many countries^ and 
yet exhibi^g, in a few spots, faint traces- of organic 
remains. In parts of Germany^ also, there are schists 
•which, from their chemical condition, must be called 
metamorphic ; yet which are interstratified with grey- 
wack^ a rock probably modified by heat, but whidi 
contains casts of shells, and oflen displays unequivocal 
marks of being an aggregate of fragments of pre-exist- 
ing rocks. 

The same observation holds true in respect to the 
Cumbrian and Welsh slate rocks before alluded to as 
described by Professor Sedgwick.* They are meta- 
morphic slates alternating with a few mechuiical and 
fossiliferous beds. If it be asked by what characters 
we can draw the line and determine where the meta^ 
morphic series ends, and the sedimentary b^ins. I 
reply that, if this be difficult or impossible, it only 
strengthiens the argument adduced in the p]%cediitg 
part of this chapter; for, according to the theory 
proposed, we must expect to find strata in etery 
intermediate condition between the most and the least 
altered* 

Had Werner's term ^ transition " been restricted 
exclusively to certain peculiarities of mineral struo- 
tur^ and never connected with the presence of par- 
ticular species of fossils, in consequence of wiilch it 
aoon acqutred.a chronological import, that term mi^ 
liave been conveniently retained to designate lua 
intermediate toaditton of strata when they exhibit 

• See p. 361. 
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the character! of rocks of the metamorphic aeries with 
occasional traces of a viedianical structure and organic 
remains* 

Some geologists^ who shrink from the theory that 
all the hypogene strata^ beautifully compact and oys- 
talline as they are, have once been in the state of 
ordinary mud, clay, marl, sand, gravel, and limestone^ 
such as are now forming beneath the waters, resort, in 
their desire to escape from such conclusions^ to tbe 
hjrpothesis^ that ckemieal causes once acted with in- 
tense energy, and that by their influence purely ciys- 
talline strata were precipitated ; a theory which to me 
appears as mysterious and unphilosophical aa the doc- 
trine of a ** plastic virtue," introduced by the earlier 
writers to explain the origin of fossil-shells and bmies. 

BekUive age of the msible hypogene rocks. — It was 
stated, at the close of the last chapter, that a grest 
portion of the plutonic rocks now visible are of higher 
antiquity than the oldest secondary strata; the same 
may be said of the stratified hypogene fbrmatimis, 
which are therefore entitled to the appellation of pri- 
mary, in the strict sense of the word, as anterior in age 
to the greywack6^ or oldest known fossiliferous group. 
But we can, in some instances, demonstrate that there 
are granites of posterior origin to certain secondary 
strata, and that secondary strata have been converted 
into the metamorphic Examples of such phenomena 
are rare, and their rarity is quite consistent with the 
theory, that the hypogene formations, both stratified 
and unstratified, may have been always generated 
in nearly equal quantities during periods of equal 
duration. 

I conceive that the granite and gneiss of pariods 
more recent than the carboniferous and greywack6 
formations are still, for the most par^ concealed; and 
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those portions which are visible can rarely be shown, 
by geological evidence, to have originated during 
secondary periods. It is very possible, for example, 
that considerable tracts of hypogene strata in the 
Alps may be altered oolite, altered lias, or altered 
secondary rocks inferior to the lias; but we can 
scarcely ever hope to substantiate the fact, because, 
whenever the change of texture is complete, no charac^^ 
ters remain to afford us any insight into the probable 
age of the mass. Where granite happens to have in- 
truded itself in such a manner as partially to overlie a 
mass of lias or other strata, as in the case before alluded 
to (Fig. 163., p. 376.), we may prove th&tfossiltferous 
strata have been converted into gneiss, mica-schist, 
clay-slate, or granular marble ; but if the action of the 
heat upon the strata had been more intense, these 
inferences could not have been drawn; and it might 
then have been supposed that no alpine hypogene strata 
were newer than the oldest secondary rocks. 

Considerable difficulty and misapprehension, in re- 
gard to the antiquity of the metamorphic rocks, may 
arise from the circumstance of their having been depo- 
sited at one period, and having assumed their crystalline 
texture at another. Thus, for example, if an Eocene gra- 
nite should invade the lias, and superinduce a hypogene 
structure, to what period shall we refer the altered 
strata ? Shall we say that they are metamorphic rocks 
of the Eocene or Liassic eras ? They assumed their 
stratified form when the animals and plants of the lias 
flourished; they have become metamorphic during 
the Eocene period. It would be preferable, in such 
instances, I think, to consider them as hypogene 
Strata of the Eocene period, or of that in which they 
were altered; yet.it would rarely be possible to esta- 

8 4* 
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blid, theilr true ^ For this py^nwe ^e ougfctto 
know the granite, to which the change of text^w» 
due, to be newer than the lias which it penetrated 
but there would rarely be any data to showr that tlus 
granite might not have been iiyected at the close of 
the J^iassic period, or at some much later era. 

The metamorphic rocks must in all caaes be tbe 
oldest, that is to say, they must lie at the bottom rf 
each series of superimposed strata ; but the hypofiene 
strata of one country may be, and frequently arVrfa 
very different age from those of another. The ereater 
part^ however, of the visible hypogene rocfa are, 
probably, more ancient than the oldest fossiliferous 
formations In the latter, we frequently discav« 
pebbles of hypogene rocks, namely, granite, gnei* 
mica-schist, and clay-slate; and the carbon^ 
rocks often rest upon the hypogene, without exbibitm 
any marks of change at the junction. According to 
the views before explained of the opeiations of«L. 
quakes, we ought not to expect plutonic and metanw- 
phic rocks of the more modern eras to have «ach«l 
the surface generally; for we must suppose n»«j 
geological periods to elapse before a mass, which Us 
assumed its particular form far below the level of the 
sea, can have been upraised and laid open to view 
above that level. Beds containbg marine sbelb scZ 
times appear in the principal mountain-chains, at tlM 
height of two or three miles above the sea; but tber 
always belong to formations of considerable antiguity 
still more, then, should we be prepared to find th* 
hypogene rocks now in sight to be of high relative 
antiqmty, since, before they could be brought » to 
view, they must probably have risen from a sitear 
inferior to the bottom of the ocean. 
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'Hie cause' o^ the great iage of the plut(»>ic and 
metamorphic rocks^ now in sight, may be elucidated 
by a familial^' illustration. Suppose two months to be 
the usual tiirie required for passing from some tropical 
country to our island, and that an annual importation 
takes place of a certain species of insect which can 
be reared only in the climate of that equatorial 
country, and the ordinary term of whose life is two 
months. It is evident that no living individuals of 
that species could ever be seen in England except in 
extreme old age. The young may come annually into 
the world in great numbers ; but, in order to see them, 
we tnust travel to lands near the equator. 

In like manner, if the hypogene rocks can originate 
only at great depths in the regions of subterranean 
heat, and if it requires many geological epochs to raise 
them to the surface, they must be very ancient before 
they make their appearance in the superficial parts of 
the earth's crust. They may still be forming in every 
century, and they may have been produced in equal 
quantities during each successive geological period of 
equal duration ; but in order to see them in a nascent 
state, slowly consolidating from a state of fusion, dr 
semi- fusion, it would be necessary to descend into the 
** fuelled entrails " of the earth. 

In the accompanying diagram. Fig. 164., an attempt 
is made to show the inverted order in which the sedi- 
mentary and plutonic formations may occur in the 
earth's crust ; subterposition in the plutonic, like super- 
position in the sedimentary rocks, being for the mbst 
part characteristic of a newer age. 

The oldest plutonic rock, No. I., supposed to have 
condolicbted from a state of fUsioh before any of the 
fossiliferous rocks now on the surfkce were deposited, 

s 5 
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has been upheaved at successive periods ufttil it has 
become exposed to view in a mouoftain-chain. This 
prolusion of No. I. has been caused by the igneous 
agency which produced the new plutonic rocks Nos, II, 
III. and IV. Part of the metamorphic rocks No. 1. 
have also been raised to the surface by the same gradual 
process. It will be observed that the Recent strata 
No. 4f. and the Recent plutonic rock No. IV. are the 
most remote from each other in position, although of 
contemporaneous date. According to this hypothesis 
the convulsions of many periods will be required 
before Beoent granite will be upraised so as to form 
the highest ridges and central axes of mountain-chains. 
During that time the Eecent strata No. 4. might be 
covered by a great many newer sedimentary form- 
ations. 

As the progress of decay and reproduction by 
aqueous agency is incessant on the surface of the 
continents, and in the bed of the ocean, while the 
hypogene rocks are generated below, or are rising 
gradually from the volcanic foci, there must ever be 
a remodelling of the earth's surface in the time inter- 
mediate between the origin of each set of plutonic 
and metamorphic rocks, and the protrusion of the same 
rocks into the atmosphere or the ocean. Suppose the 
principal source of the Etnean lavas to lie at the 
depth of ten miles, we may easily conceive that before 
they can be uplifted to the day several distinct series 
of earthquakes must occur, and between each of these 
there might usually be one or many periods of tran- 
quillity. The time required for so great a develop- 
ment of subterranean movements might well be pro? 
tracted until the deposition of a series of sedimentary 

s 6 



tedUf equal in extent to aE our aecondary aad tertiary 
formatbna^ liad taken place. 

The rekthre agei therefore, of the visibk flutonic 
and metamorphic rooksy as compared to the noakered 
sedimentary strata^ must alwa3r8 be determined by the 
relations of two forces — the power which uplifts the 
hypogene rocks» and that aqueous agency which de- 
degrades and renovates the earth's surface ; or, in other 
words, the relative age must depend on the quantitj 
of aqueous action which takes place between two 
periods — that during which the heated and melted 
rocks are cooled and consolidated in the nether regioos* 
and that of their emergence at the earth's surface. 

Volume of hypogene rocks supposed to haw ^ 
formed since the Eocene period. — If we were to 
indulge in speculations on the probable quantity <« 
hypogene formations, both stratified and unstratified, 
which may have been formed beneath Europe and the 
European seas since the commencement of the £oceo£ 
period, it might be conjectured that the mass his 
equalled, if not exceeded in volume, the entire 
European continent. The grounds of this opinioo 
will be understood by reference to what I have said of 
the causes which may have upheaved part of Sicily to 
its present height above the level of the sea since the 
beginning of the Newer Pliocene period.* V ^ 
theory which, in that instance, attributes the disturb- 
ance and upheavings of the. superficial strata to the 
action of subterranean heat be deemed admissible, the 
same argument will apply with no less force to ever; 
other district, elevated or depressed, since the com- 
mencement of the tertiary period. 

• See p. 5. 



But the reiaaricB on -the map of Europe^ in the first 
book, have shown, that the conversion of sea into Iwad; 
since the Eocene period, embraces as area equal to 
the greater part of Europe ; and that even those tracts 
which had in part emerged before the Eocene era, 
such as the Alps, Apennines, and other mountain- 
chains, have risen to the additional altitude of from 
one thousand to four thousand feet since that era. I 
have also suggested the probability of a great amount 
of subsidence, and the conversion of considerable por- 
tions of European land into sea, during the same period, 
— changes 'Which may be supposed to arise from the 
influence of subterranean heat. 

From these premises we may conclude, that the 
liquefaction and alteration of rocks, by the operation 
of volcanic heat at successive periods, has extended 
over a subterranean space, equal at least in area to the 
present European continent, and has oflen pervaded a 
portion of the earth's crust four thousand feet or more 
in thickness. 

The principal effect of these volcanic operations in 
the nether regions, during the tertiary periods, or 
since the exbting species began to flourish, has been 
to heave up to the surface hypogene formations of an 
age anterior to the carboniferous. The repetition of 
another series of movements, of equal violence, might* 
upraise the plutonic and metamorphic rocks of many 
of the secondary periods ; and if the same force should 
still continue to act, the next convulsions might bring 
up the tertian/ and recent hypogene rocks ; by whidi 
time we may imagine that nearly all the sedimentary 
strata now in sight would either have been destroyed 
by the action of water, or have assumed the meta- 
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morphic structare, or would have been melted down 
into plutonic and volcanic rocks. 

At the end of this chapter will be found a table of 
the chronolo^cal relations of the principal divisiaiis of 
rocks, according to the views above set forth. The 
sketeh is confessedly imperfect ; but it will elucidate 
the theory above suggested, of the connection which 
may exist between the hypogene rocks of di£Perent 
periods, and the alluvial, volcanic> and sedimentary 
formations. 

Concluding Remarks, 

In the history of the progress of geology^ it has 
been stated that the opinion or^nally promulgated 
by Huttoh, ''that the strata called primitive were 
mere altered sedimentary rocks," was vehementlj 
opposed for a time, on the ground of its supposed 
tendency to promote a belief in the past eternity of 
our planet.* Before that period the absence of anhnid 
and vegetable remains in the so-called primitive 
strata had been appealed to, as proving that there 
had been an era when the planet was uninhabited by 
living beings, and when, as was also inferred, it was 
uninhabitable, and, therefore, probably in a naac^at 
state. 

The opposite doctrine, that the oldest visible strata 
might be the monuments of an antecedent period, 
when the animate world was already in existenoe, 
was declared to be equivalent to the assumption that 
there never was a beginning to the present order of 
things. The unfairness of this charge was clearly 
pointed out by Playfair^ who observed, '< that it was 

• VoL I. p. 91. 
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one thing to declare that we had not yet discorered 
the traces of a beginning, and another to deny that the 
earth ever had a beginning." 

I regret, howeyer, to .find that the bearing of mj 
arguments in the first book has been misunderstood in 
a similar manner ; for I have been charged with en- 
deavouring to establish the proposition, that, '^ the ex- 
isting causes of change have operated with absolute 
uniformity fi-om all eternity."* 

It is the more necessary tb notice this misrepresent- 
ation of my views, as it has proceeded from a friendly 
critic, whose theoretical opinions coincide in general 
with my own ; but who has, in this instance, strangely 
misconceived the scope of the argument. With equal 
justice might an astronomer be accused of asserting 
that the works of creation extended throughout m- 
finite space, because he refuses to take for granted 
that the remotest stars now seen in the heavens are 
on the utmost verge of the material universe. Every 
improvement of the telescope has brought thousands 
of new worlds into view ; and it would, therefore^ be 
rash and unphilosophical to imagine that we already 
survey the whole extent of the vast scheme, or that 
it will ever be brought within the sphere of human 
ibservation. 

But no argument can be drawn from such premises 
in favour of the infinity of the space that has been 
Slled with worlds ; and if the material universe has 
uiy limits, it then follows that it must occupy a minute 
md infinitesimal point in infinite space. 

So if, in tracmg back the earth's history, we arrive 

* Quarterly Review, No. 86., Oct. 1880, p. 464. 
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at the nomnseiite of ere&tft wMch may h&teltijipeiied 
Biyiions of ages before our times, and if Ve stnifind 
no decided evidence of a commencement, yet- the 
aiguraentt from analogy in support of the probabfiity 
of a beginning remain unshzdcen; and if the past 
duration of the earth be finite, then the aggregate of 
geological epochs, however numerous, must constitute 
a mere moment of the past, a mere infinitesimal por- 
tion of eternity. 

It has been argued, that, as the different states of 
the earth's sur&ce, and the different species by whidi 
it has been inhabited, have dl had their origin, and 
many of them their termination, so the entire series 
may have commenced at a certain period. It has also 
been urged, that, as we admit the creation of man to 
have occurred at a comparatively modem epoch — as 
we concede the astonishing fact of the first introduc- 
tion of a moral and intellectual being — so also wetnay 
eonceive the first creation of the planet itself. 

I am far from denying the weight of this reasoning 
from analogy; but, although it may strengtheB our 
conviction, that the present system of change has not 
gone on from eternity, it cannot warrant us in pre- 
suming that we shall be permitted to behold the signs 
of the earth's origin, or the evidences of the first 
introduction into it of organic beings. We aspire in 
vain to assign limits to the works of creation in jpaet, 
whether we examine the starry heavens, or that 
world of minute animalcules which is revealed to us by 
the microscope. We are prepared, therefore, to 
find that in time also the confines of .the universe lie 
beyond the reach of mortal ken. But in whatever 
direction we pursue our researches) whether in time 



Ch, XXVJll .CQNCJPUPINQ .WKMAHya 4CA 

or space, we dbcoyer every where the dear proo6 of ^ 
a Creative Iatelligence» and of His foresight, wisdom^ 
and power. 

As geologists, we learn that it is not only the pre- 
sent condition of the globe which has been suited to 
the accommodation of myriads of living creatures, 
but that many former states also have been adapted 
to the organization and habits of prior races of be« 
ings. The disposition of the seas, continents, and 
islands, and the climates, have varied; the species 
likewise have been changed; and yet they have all 
been so modelled, on types analogous to those of 
existing plants and animals, as to indicate throughout 
a perfect harmony of design and unity of purpose. 
To assume that the evidence of the beginning or end 
of so vast a scheme lies within the reach of our phi- 
losophical inquiries, or even of our speculations, ap* 
pears to be inconsistent with a just estimate of the 
relations which subsist between the finite powers of 
onan and the attributes of an Infinite and Eternal 
Being. 
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TABLE Ii: 

Shmoinff Ae EeloHons of the AUumaly Aqueous, VoUxmkM 
Hypogene FwrnaJdons of different Ages. 



Periods. 



Formations. 



Some of the liocalitict what 
the FonnaUooB oocnc 



H 



fAUuTial. 



A. 

Table \.< 
p. S08. 



Aqueous. 



Volcanic. 



{ 



I 



< 



1. 

Newer 

pliocene. 

B. ' 

Table I. 

p. 308. 



Alluvial. 

Aqueous. 
Volcanic, 



a. Marine. 
h. Freshwater. 



.Hypogeoae. 



.Hypogene. 



a. Plutonic. 

6. M etamor- 
phic. 



f Beds of existing m«& 
1 &c., book iii. dLxrr. 
f Coral reefe (^ the Pacific, 
book iiL ch. zTiiL 
Bed of Lake Supokc, 

&c., book u. di. ir. 
* Etna, Vesuvius^ ^MXik iL 

chs. X. xi. xii. 
*" Concealed i fociofaccn 

ITolcanos, book ir. d 
xxyI. 
Conceaieds around ^ 
foci of actire voksDO^ 
book iv. ch.xxmi 



a. 



[t 



b. 



f Crravel covering tix 
. . . -{ Newer Pliocene sti«» 

[^ of Sicily. 
Marine. Val di Noto, Sidly. 

Freshwater. CoUe, in Tuscany. 
. . . Val di Noto, IScily. 

C Concealed: f<x»of Kew 
I Pliocene volcanos^ 
-< underneath the Val' 
Noto. VoL IV. p.; 
and book iv. ch. xsc^ 
Concealed s near the ftc 
of Newer Pliocene to*- 
canos — underneath ^ 
Val di Noto^ Vo/. IV 
p. 5. and book v- 
ch. xxvii. 



a, Plutonic. 



Metamor- 
phic. 
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TABLE 11. ^oantinued. 



Feriodf. 



Fonnatioiis. 



Some of the Localities where 
the Formations occur. 



2. 

Older 

Pliocene. 

C. 
Table I. 
p. 308. 



3. 
Miocene. 

D. 
Table I. 
p. 308. 



4. 
Eocene. 

E 
Table I. 
p. 309. 



fAUuvial. 
Aqueous. 
Volcanic. 

^Hypogene. 

rAlluYiaL 
Aqueous. 
Volcanic. 

..Hypogene. 

fAUuvial. 
Aqueous. 

Volcanic. 



C 







a. 
b. 



{ 



a« 
b. 



^Hypogene. 



- - - Norfolk? Vol. IV. p.91. 
^, . f Subapennine formationsy 

^'^"- I Vol. IV, p. 63. 

Freshwater. I N^J'«""'' '*^°'- ^^^ 
^ p. o9. 

- - - Tuscany, Vol. IV. p. 68. 

C Concealed; foci of Older 
Plutonic, i Pliocene Tolcanos— 

1^ beneath Tuscany. 
Metamor- f Concealed j probably near 
phic. \ the same foci. 

r Mont Perrier, Auvergne 

- - - < — Orleanais, Vol. IV. 

I pp. 147. 150. 
Marine. Bordeaux. Dax. 

Freshwater /Sa»*c«*s» ^^^ Bordeaux, 
freshwater. | y^^ jy ^ ^^^ 

- - - Hungary,Vol.IV.p. 1 53. 

C Concealed; foci of Mio- 
Plutonic. i cene Yolcanos -^ be- 

I neath Hungary. 
Metamor- J Concealed ; probably 
phic. \ around the same fi)cL 

f Summit of North and 

- - - i South Downs? Vol. IV. 

I p. 276. 

Parisand London basins. 

Isle of Wight — Au- 

Tergne. 
^Ronca, Vicentine, Vol. 
IV. p. 224.; oldest Tol- 
canic rocks of the 
Limagne d'Auveigne, 
book iv. ch. xix. 

Concealed; foci of Eocene 
Tolcanos— beneath Vi- 
centine and the .li- 
magne d*AuYergne. 

Concealed; probably near 
the same foci. 



Marine. 
Freshwater. 



* 



'a. Plutonic. 



b. Metamor- 
phic. 
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TABLE II. — 



Poiodi. 



Formationc 



Some of ihe Localitiei wIkr 
the F(Miiuitioai OMI 



w* 



CO 



1. 

Cretiu 
ceous ^ 
group. 
F. 
Table I. 
p. 309. 



^Alluvial. 
Aqueous. 

Volcanic. 
Hypogene. 



2. 

Wealden 

group. 

G. 

Table I. 

p. 309. 



3. 
OoUte 
group. 
. H. 
Table I. 
p. 310. 



4. 
Liaa 
group. 

I. 
Table I. 
p. 311. 



fAUuYial. 
Aqueous. 

Volcanic. 
Hypogene. 
'Alluvial. 
Aqueous. 
Volcanic. 

^Hypogene. 

^Alluvial. 

Aqueous. 
Volcanic. 

Hypogene. 
.Alluvial. 



5. . 

New Red I 
Sandstone I . 

Sr^Lel Volcanic. 

group. I 

K. & L. I Hypogene. 

Table I. ^ 
I p. 311. 



« . fWil^bire, North Dovib 

a. Marine. ^ Flambirough H«i 

b» Freshwater. 

{Northern FUnbofilK 
Pyrenees? KevDc? 
a. Plutonic. 
6. Metamor- 
phic. 

{Portland " Dirt-bed' 
(containin| pebblfi; 

a. Marine. 

r Weald of Surrey, Ken; 

b. Freshwater, i and Sussex, book it. 

[^ ch. xxL 

a- Plutonic. 
6. Metamor- 
phic. 

a. Marine. f^^^- B*^"° 
[^ chain. 

6. Freshwater. 

- - - Hebrides? 

a. Plutonic. {^^^SSSdL*^'^ 
6. Metamor- 

phic. 

«.M«ine. i^yf^JS^ ^' 
[^ Aberthaw. 

b. Freshwater. 

- - - Hebrides? 

a. Plutonic. . | 

6. Metamor- f Alps ? book iv. ch-fl^ 
phic. \ Valorsine in SiTOf • 

r Cheshire. Stafford^ 

a. Marine. i Vosges. "^es^ 

I (MuschelkBlk> 

6. Freshwater. 

- - - Near Exeier, Dpw* 

b. Metamor' 

phic. 
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TABLE II • continued. 



Periods, 



Formations. 



Some of the Localitiet where 
the Formations occur. 



fAUuvW. 



6. 
Carboni- 
ferous & 
Old Red 
Sand. ^ 
jtone 
;roup. 
M. &N. 
Table I. 
p. 31 '2. 

7. 
Silu. 
ian & 
3rey- 
vack^ 
;roup 
>. & 
Table 
p. 313. 



Aqueous. 



Volcanic. 



{ 



b. Freshwater. 






Hypogene. 

Alluvial. 
Aqueous. 
Volcanic. 

Hypogene. 



Alluvia]. 
Aqueous 
Volcanic 




» . rCUfton. Mendip. Edin- 

j»arme. < ^^^^^^ 

Coal measures of North 

of England and near 

Edinburgh. 
^Forfarshire. Edinburgh. 

Fife. Durham. High 

Teesdale. 
Concealed i beneathEdin- 

burgh, Northumber- 

iland, Durham. 
Near the Plutonic rocks 
of the same period. 



Plutonic. 






:} 



{ 



a. Marine. 
6. Freshwater. 

a. Plutonic. 

b, Metamor- 
phic. 



Hypogene. 



Plutonic. 



^ Metamorphic. h 



Wenlock, Shropshire. 

Shropshire. 
f Qmcealedi beneath Shrbp- 
V shire. 

Near the Plutonic rocks 
of the same period. 

Probably all destroyed by 
denudation, or con- 
verted into hypogene. 

Perhaps a considerable 
part of the granite now 
visible. 

Probably a large propor- 
tion of the gneiss, mi- 
ca-schist, and other 
stratified crystalline 
rocks now visible* 



y primary formations are meant those, whether stratified or un- 
3d, which are older than the most ancient European rocks (the 
on or greywacke), in which distinct fossils have as yet been 
rt-ed. 
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Adour, R., new passage formed bjr, 

U.76. 

• , tertiary strata of, iv. ISS, 
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iii. 295. 

, gain of land in, i. 347. 

— — , its form and depth, L 847. 
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AfHca, fossil shells of, mentioned by 

ancients, i. 24. 

, heat radiaied by, i. 161. 

— ~, currents on coast of, ii. 73. 84. 
— — , drift sands of deserts, iii. 210. 

, shaken by earthquake, ii.897. 

— — k devastations of locusts in, ill. 116. 
— — , strata fbrming off coast cf, iii S95. 
*— k desert of, its area, iii. 152: 
Agassis, M., on fossil fish, i. 198. 930. ; 

iii. 380. ; iv. 8a 125. 192. 9B0. 301. 308. 
Agricola on fossil remains, i 86L 
Ahmedabad town, destroyed by earth* 

quake, iL 297. 
Aidat, lake, how formed, iv. 813. 



Air, circulation of, L 188L 

Airthrey, fossil whale found at, ill 

290. 
Airy, Professor, i. 180. 
Aix, in Provence, tertiary strata of, 

iv. SS3. 
-^, fossil insects of, iv. 223. 
Albenga, tertiary strata at, iv. 77, 78L 
Aldborough, Incursions of sea at, ii 9k 
Aldemey, Race of, ii 6. 
Aleppo, earthquake of, ii 2S7. 
Aleutian isles, eruptions, &c. in, ii. 99. 

24& 
Algas, depths at which some fpecfes 

live, iii 30. 
Allan, Mr. T., on mammiforous fossils 

of Isle of Wight, i 236. j iv. 229. 
Alljer, R.,*. volcanic toff; &c. on its 

banks, iv. 198. 
Alloa, whale cast ashore at, iii 289, 
-— , fossil whale found near, iii 290. 
Alluvium, definition of, iii 218. 
—— , formed in aD ages, iv. 57. 

. , imbedding of organic remains in, 

iii2l9L 
— -, marine, iii 22a 
— , volcanic, ii 14d 

, in Scotland, ii 285. 

-«», stalagmite alternating with, in 

French caves, iii 232. 
.^, European, in great part tertiary 

iii. 5a 
— , of newer Pliocene period, iv. Bl. 

67.61. 
— — , of Miocene era, Iv. 147. 
— , of Eocene period, iv. 247. 276L 

, under lavas, iv. loa 111. 114 SOft 

— , in ancient fissures, iv. 211. 
Alps, Saussure on the, i 79. 
.*—, tertiary rocks of thc^ i £05i 
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Alpi, fnatly laiiei daitog tartkorj 
epoch, L 814 

, ahelte drUtod fkom the, UL 588. 
emtic Uodu of the, iv. 59. 
maritime, tertiary itnita at bate 
ol^ It. 75. 
•^ Moondary ttrata penetrated by 

granite in the, iv. 361. 
— ., itraU of oolite altered in the. It. 

sne. 

Altered stnU in contact with granite, 

iv. 374. 
^->^ enumeration of the probable con- 

▼enioM of aedimentary strata into 

well-known metamotphic rocks, iv. 

3BSL 
Alting, on the Zuyder Zee, ii. £7. 
Alum Bay, alternation of London and 

plastic clay in, iv. 926< 
Alsey, tertiary strata of, iv. 145. 
Amalfl, i. 122. 
Amazon, R. sea discoloured by waters 

of, iL 85. 

land formed by its deposits, ii. 85. 
animals floated dovm on drift 
! wood by, iii. 63. 
Amer, structure of country near, iv. 

104. 
America, its coast undermined, iL 60. 
v--*«^ lakes of, may cause deluges, L 

130. 

, recent strata in lakes of, L 340. ; 

iiLS85. 
-^, specific distinctness of animals of, 

iilS3.48. 
-— , domesticated animals have run 

wild in, ii. 438 -, iii. 134. 
Amiata, Mount, i. 310. 
Amtci, Vito, on Moro's system^ i. 66. 
Ammonia in lavas, ii. 985. 
Amonoosuck, flood in valley of, L S09l 
Ampdre, M., on currents of electricity 

in the earth, iL 367. 
Anapo, valley of, iv. 10. 
Andemach, loess and vokanic ejections 

alternating at, rv. 48. 
Andes, changes oi level in, iii. 873. 
.. , height of perpetual snow on, L 

190. 

— ^ volcanos of, iL 93. 95. 

An^esea, changes caused by a volcanic 
dike in, iv. 371. 385L 

Animals, Lamarck's theory ot the pro- 
duction of new oi^ans in, iL 412, 

—(^imported into America, have run 

. wlU, iL 48& ; uL Idl 




ofMnekMitoifr 
mestfatlon, iL 46e 468. 

heradltary instiaeU oC n. 4a 
donaeatic quaUties of; iL 45!. tf7. 
their acquired habits nidj ba» 
missible, iL 457. 465l 

^, changes in the tanlnoftheMi 

in vertdbrated, ilL 1& 
— , plants diAiaed by, iiL «. 
.^, their geographical dytrixitifa, 

L 199. ; UL 4& 5a 58. 
-^—, migrations of, iiL 54 57. 
^, causes which detemlna tbe rt^ 

tions o^ iiL 107. 119. 
— , influence of man on their dWdii- 

tion, iiL 130. 
, fossil, in peat, caves, ftc.,>ii'Si^ 

806. 819. 823. 851. 856L 
Anio, &, flood of the, L fi9i 
, once flowed through s ctain « 

lakes, i. SSO. 
Anning, Miss M., on waste of ci« 

a48L 
Annus Magnua, durati<m of, L 1£ 
Anoplotherium in freshwater ix» 

tion of L of Wight, iv.229. 27& 
Anthracite, whence derived, iT.S& 
Anticlinal axis of WeaM nBe],ri. 

837.844. 
Anticlinal Unes ; bow ftr those fov 

at the same time are panlHi* 

340. 
AntiUes, earthquake in thCi iL SSI- 
Antissa, i. 17. 
Antrim, chalk in, oonvected into ■»• 

ble by tnq^dike, iv. 878. 
— — , altered coal and lias in, ^'^ 
Apennines, their relative aje, i * 

814. 

, tertiary straU at foot (* '»• ^ 

Aphides, White's account of » «•»»* 

of,iiL8& 

, their multiplication, iiL Ui 

ApolUnaris cited, iv. 81& 
Apure, R., horses drowned iii,iu-2* 
Aqueous causes, L 854^ „ 

Aqueous lavas, description of, ii-l^ 

146.; iiL 414. 
Arabian Gulf, filling with coral, lu-^ 

, volcano at ita entrance & i^ 

Arabian writers, L 83. S& 
Arago, M., <m influence <tf ^^ 

climate, iiL 190. 

, on aolar radiation. LS81. 

Arbroath, houses, Ac swiV^ >"''*^ 

sea at, ii 1ft 
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— — , on submarine volcanos, i 72. 12S. 

Ariste^hiu> 1 295. . 

Acifitbpbane8».l 15. 

Aristotelian system, i. 30. 

'— tlieory of spontaneous generation, 

J.S7, 
Arho, R., yellow sand like Subapen- 

nine deposited by, iv. 70. 
Arso, volcanic eruption of, in Ischia, 

iL122. 
Artesian wells, phenomena brought to 

Ugbt by, 1.298. 
— — , depth from which water rises in, 

LSS9. 
Arun, transverse valley of the, iv. 261. 
Arve, sediment transported by the, i. 

341. 
— ^, section of dtSbris depouted by, i. 

374. 
Asama-yama, eruption of, ii. 252. 
Ascension, island of, fossil ^gs of tur. 

tie Arom, iii. 29a 
Ashesy volcanic, transported to immense 

distances, iL 24a 
Asia, subject to earthquakes, i. la 
-^, coast of, changed, i. 29. 
—9 causes of extreme cold of part of, 

i. 164. 
— — ^ Minor, gain of land on coast ot, 

a 84. 
, Western, great cavity in, i. 130. ; 

ui. 148. 371. 

— i this now disproved, iv. 215. 

Ass, wUd in Quito, UL 136. 

, wild in Tartary, iii. 59. 

AstzoQi, crater of, iv. 107. 

Aatruc on delta of Rhone, L S4a 

Atchafiilaya, R., drift-wood in, L 282L 

, section of the banks of, i 361. 

Athabasca lake, drift-wood in, iii 244. 

Atlantic, mean depth of, L 180L 

— — , its relative level, ii 62. 

.— •, rise of the tide in, ii 6a 

Adttitis, aubmersion of, i 13 • iv. 31& 

Atrio del Cavallo, ii 14a ; iv. 2a 

Aubenaa. ficsnres filled with . breccia 
near, iii £32. 

AuriUac, freshwater formation of. Iv. 

171. 
Australia, kangaroo and emu thinning 

in. Iii 13a 
— — , coral reeft of, iii 301. . 
— ., tertiary strata of; iv. 40. 
<-"—, breccias of, bones of marsupial 

animals in, iv. 56. 
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A^veqfn^^«ltrde((wi^ ^yspvin^inw 

i 327. 
— ^ carbonic a«id gaa diseog%;ed in, i 

327. 
-<—«, lavas o4 iii 445. 
— , alluviums of, iv. 147. 20a 
•"■''-, volcanic rocks of, i 85, 86. ; iii 

387. ; iv. 155. 197. 
-—^ lacustrine deposits of, iv. 157. 
'-—, map of lacustrine basins and vol- 
canic rocks of, iv. 158. 
, tertiary red marl and sandstone of, 

like new red sandstone, iv. 161. 323. 

, indusial lunestone of, iv. 166. 

— •, connexion of Paris basin and, i^. 

17a 
, igneous rocks associated with la^ 

custrine in, iv. 19& 

, volcanic breccias of, iv. 147. 200. 

, minor volcanos of, iv. SOI. 205. 

, ravines in lavas of, iv. 207, 208. 

Ava, mammiferous fossils of, i 4a 

, fossil wood of, i 4a 

Aventine, Mount, tufa on, iv. 4a 
Avemus, lake, ii 117. 
Avicenna on cause of mountains, i. 29. 
Asof sea, said to have been united with 

Caspian, ii 104. 

, new island thrown up in, ii 105. 

Asores, icebeigs drifted to the, i 17a 

267. 
, siliceous springs of, i 3Sa 
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Babbage, Mr. on the coast near Pua- 

luoli, ii Sia 
— », on Temple of Serapis, ii 325. 
-— -, on expansion of rocks by heat, ii 

ssa 

Bacon, Lord, cited, iii 280. 
Baden, gypseous springs oi; i 322. 
Baffin's Bay, icebergs in, i 16a 
Bagnes, valley of, bursting of a lake In 

the, i 291. 
Bagneux, strata near, iv. 181. 
Bagshot sand, iu composition. Ac., iv. 

22a 
Baise, changes on coast of the b«y lO, ii 

312. 381. 

(ground plan of the coast of, iL31». 

, sections in bay of, ii. S14. S1& 

BakeweU, Mr., on ferauilioii of ioOb, 

iii.l7& ~^ 

, on fidl of Mmnt Granicr, ISL 912. 
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Bakewell, Mr., on jointed stnicfcure in 

roclu, iv. 366. 
Bakewell, Mr., Jun., on Falls of 

Niagara, i. i7S. 
Bakie loch, cbane foMil in, iiL 283. 
Baku, inflammable gaa of, i. 18. ; ii 103. 
Balaruc, thermal waten of, i. 343. 
Baldasfari, on Sienese foBsils, 1. 67. 
Ballard, M., on state of buried bones, 

iil. 236. 
Baltic sea, deltas of the, i. 340. 
—, lowering of level of the, i. 340. ii. 

331. 
^ drifting of rocks by ice in, L S67. ': 

, currents on iU shores, ii 64. 

Banos del Pnjio, elevated sea-cliff near, 

iv.3S. 
Bac^bab tree, ita size, probable age, &c., 

in. 451.; iv.filX 

Barbadoes, rain dindnished by felling of 
forests in, iii. 187. 

Barcelona, tertiary strata of, iv. 114. 

Barcombe^ in Sussex, iv. S47. 

Bargone, gypsum in mark near, iv. 68. 

Barren island, a supposed crater of ele- 
vation, iL 218* 

Barrow, Mr., on a bank formed in sea 
by locusts, ill 117. 

Barrow, Mr., Jun., «i the Geysers of 
IceUnd, L 324.; iL 386. 

Barsoe, loss of land in island of, 11 65. 

Barton, Mr., on geography of plants, 

iii. SS. 

Basalt, opinions of the earlier writers 
on, L 84, 85. ; iii. 329. 

Basterot, M. de, on fossil shells of Bor- 
deaux and Dax, iiL 360. ; iv. 132. 

Batovia, eSbcta of earthquake at, iL 304. 

Battoch, Mount, granite veins of, iv. 

Baumhauer, Mr., on a liver-flood in 

Java, iiL 255. 
Bauxft, his chart of Gulf of Mexico, iL 

86. 

Bawdeaey, crag strata near, iv. 92. 

Bay of Bengal, its depth, L 355. 

Bayfield, Capt, on gBfAogy of Lake Su- 
perior, L 338. 

_, on bursting of a peninsula by Lake 

Erie, ii. 64. 

-^ on elevated beaches in Gulf of St. 
Lawrence, iL 99< iv. 35. 
_, on earthquakes in Canada, iL 251. 
^ on arrangement of strata in Gulf of 
St Lawrence, iv. 72. 
Bayoone^ ■trata near, iv. 394. 



Beachey Head,iL 4S. iv. 2(1. 
Bears, once numerous in Wild, a 

132L > 

, black, migrations of, iii SI. 

, drifted on ice, iiL 124. 

Beauchamp, palaeotherium of, n. H 
Beaufort, Capt, on gainof landonaw^ 

of Asia Minor, xL 84. 
— , on rise of tides, iL S. 
Beaumont, M. Elie de, on mrtintiiMi" 

the moon, iL 222. 

on greywacke fossils, L 196. 
on force of modem esrthqvate. 

iL401. 

, on cause of the deluge, ir. Sll 

, his theory of contenjponM«» 

origin of parallel mountain clii» 

considered, iv. 327. 
— , on modem granite of the Alft i* 

351. 
Beaver, once an inhabitant of Scofla* 

and Wales, iii. 131. 
, remains of, in shdl.msrl,in Pafr 

shire, iiL 256. 
Bee, migrations of the, iiL 8S. 
Beechey, Capt., on elevation of B»! a 

Conception, ii. 300l 
, on drifting of canoes in P»«' 

iiL 93. 

, on temple of Ipsambolt "«• ^\, 

, on coral islands in Pscific, iii » 

308. 318. . 
, on recent changes of lerei jb"- 

cific, iiL 319. , 

Beginning of things, supposed pro* ^ 

iv. 396. 
Behat, buried town near, iiL 221- 
Belbet, near Aurillac, iv. 173. 
Belcher, Capt, on elevation of C<»«? 

tion Bay, iL SOO. 
, on strata forming off coi" 

Afirica, iiL 295. . ^ 

Bel^um, tertiary fbnn»tioMof,i» «^ 
Beliemi, Mount, caves in, iv. 5& 
Bell rock, large stones thrown np'' 

storms on the^ ii* 20i 
Belxoni, on temple of IpssmK >- 

21t ^ 

, on a flood of the Kd^ »"• *» 

Benin, currents in bay <^f >»• ^ _ 
B€rard, M., on depth of MWit«*»' 

»^71. ,. ^ 

Bergmann, onwartcof Yoriolu*** 

iL24. ^ M.«i 

Berkeley, on xeeent brigia « ** 

278. 
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Bermudaf, coral reeft of the, iiL SOI. 

905. 
Berzelius, on deniity of se»-water, i. 

168. 
Beshtau, earthquakes in, U. 291. 
Beudant, M., on volcanic rocks of Hun- 
gary, iv. 15a 
Bewick, cited, ii. 33. iiL 68. 132. 
Bhooj, town of, destroyed by earth- 
quake, ii. 237. 
, volcanic eruption at, during Cutch 

earthquake, iL 237. iiL 216. 
Bies Bosch; new bay formed in HoU 

land, iL 56. 
Bigsby, Dr., on North American lakes, 

L 339. ; UL 285. 
Bingen, gorge of, iv. 49. 
Binstead, fossils of, iv. 229. 276. 
Birds, difflision of plants by, iiL 39. 
— >-, geographical distribution of, iii. 

66.95. 
— — , their powers of difiUsion, iiL 68. 
migrations of, iiL 68. 
recent extermination of some spe- 

cies of, iiL 132. 
-~, bones of, in Gibraltar breccia, iiL 

231. 
— — , rarity of their resnains in new 

strata, iiL 250. 
BischoflT, Professor, cited, iv. 379. 
Biscoe, Capt, his discoveries in the 

south Polar Seas, L 171. 
Bison, fossil, in Yerkshire, i. USL 
Bisons, in Mississippi valley, iiL 56. 
Bistineaa, a lake fonned by Bed River, 

1286. 
Bitumen, oosing from the bottom of the 

sea, near Trinidad, L 330. 
Bituminous springs, L SSO. 

^ shales, L 331. 

Bize,cave«t,ia285. 

Bisona, town submerged, L -86. 

Black Lake, L 286.; 

Black Sea, caleareoos /springs near, i 

sasL 

— , waste of clifik in the, ii. Gk 
— , evaporation of the, iL 67. 

■ , tee Euzlne 

Blavier, M., on peat, iiL- 201. 
Blaye, limestone of, iv. 134 
Bloomileld, bursting of peat^nossnear, 
•fli.«)8. 
Blown sand, imbedding, of cvgMdc le- 

*«ins,te.in, liLfiia 
Blue Mountains in Jamaica, U. 30SI 
Bitt»«f Aiiaainip^f,^,,^^^ I £79. «S1. 



Boa Ckmstrictor, migration of, iii 72. 
Boase, Mr., on inroads of sea in Corn. 

wall, ii. 49, 50. 

, on drift-sand in Cornwall, iiL 213. 

——f on chemical composition of rocks, 

iv. 383. 
Boate, Dr., on Irish peat-bogs, iii. 200. 
Boblaye, M., on ceramique, in Morea, 

iii. 222. 
— -, on engulphed rivers in Morea, iiL 

226. 
—, on caves of the Morea, iiL 226. 

, on earthquakes in Greece, iii. SS9. 

— >— , on successive elevations of the 

Morea, iv. 34. 
— — , on tertiary strata of Morea, iv. 84. 
— — , on cretaceous rocks of Morea, iv. 

28& 
Bog iron-ore, whence derived, iii. 204. 
Bogota, earthquake of, ii. 2Sa 
Bohemia, age of metallic veins of, iv 

382. 
Bolos, Don Francisco, on volcanos of 

Catalonia, iv. 107. 112. 114. 
— — , on destruction of Olot by earth. 

quake, in 1421, iv. 112. 
Bonajutus, on subsidence of coast of 

SicUy, iL 306. 
Bonaparte, C, on birds, iiL 68. 
Bonelli, Signor, on fossils of the Superga, 

iiL 38& ; iv. 138. 

, on fossil shells of Savona, iv. 78. 

Bonn, casts of A%sh water shells in 

quarts, near, iv. 125. 
Bonpland, on plants common to Old and 

New Worid, iiL 2a 
Bordeaux, tertiary strata of, iiL 360. ; 

iv. 132. 134. 
Bore, a tidal wave frequent in the Bris. 

tol Channel and the Ganges, iL 61. 
Bormida, tertiary strata of valley of the, 

UL 38a ; iv. 139. 
Bory de St. Vincent, M., on isle of San- 

torin, iL 20a 210. 
Boscomb chine, ii. 46. 
Bosphorus, ii. 67. 104 
Botanical geography, iii. 24. 
— , provinces, thei^ number, ill. 28. 
— , how caused, iii. 101. 
— , why not.JOiore blended together, 

iii. 103. 
Bothnia, Oulf of, gradual elevation of 

the coast o^ L 212. 340. ; ii. 332. 
^^•m, drifting of rocks by ice in, L Sffl. 
BoUey Hill, height of, iv. 297. 
Bou£, H, on the Pyrenees, L 206. 
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Bou«, M., on the coal strata, i. 197. 

, on loesi of the Rhine, Iv. 51. 

, on value of zoological characters 

in determining the chronological re- 
lations of strata. It. 135. 
• .i_, on tertiary formations of Hungary 
and Transylvania, iv. 141. 154. 

, on the Vicentine, iv. 224. 

^ on theory of M. de Beaumont, iv. 

338. S4(X 
BouiUet, M., on extinct quadrupeds of 

Mont Perrier, iv. 149. 210. 
J on alluviums of diflferent ages in 

Auvergne, iv. 210. 
Boulade, alluviums of the, iv. 147. 
Boulon and Caret, dip of tertiary strato 

between, iv. 83. 
Bourbon, island, volcanic, IL 110. j iv. 

857. 
Bourdones, R, shoal upheaved at its 

mouth, ii. 251. 
Boummouth, submarine forest at, iii. 

276. 
Boussingault, M., on volcanos of the 

Andes, ii. 95, 96. 
_ on gases evolved by volcanos, u. 

392 

Bowditch, Mr., on fossil shells of Ma- 
deira, iv. 38. 

Boyle on bottom of the sea, L 43. 

Bracini on Vesuvius before 1631, ii. 

129. 
Bragansa, R., iv. 70. 
Brahmins, their doctrines, i. 9. 
Brand, Rev. J. F., on birthplace of man, 

iiL 89. 
Brander on fossils of Hampshire, I 76. 

Bray, valley of, iv. 297. 
Breaks in series of superimposed form- 
ations, causes of, iii. 367. 373. 
Breccias, in Val del Bove, ill 445. 

-^ in caves, iv. 51. 56. 
now In progress in the Morea, lit 

, volcanic, of Auvergne, iv. 147. 

200. 
Brenta, delta ofthe, 1.346. 

Brieslak, on the temple of Serapis, U. 

381. 323. 

- on lavas of Vesuvius, ii. 148. 
Britts, Mr., his discovery of water in 

African desert, L 30a 
Brighton, waste of cUfft of, II. 44. 
. Z^ gtraU at base of clifft at, ii. 41. j 

iT.'274. 28a 
Brine, springs, i. 326. 



Bristol Channel, currents io, il & 
Britany, a village in, buried unte 
blown sand, ill 2ia 

, marine tertiary stratt of, 1 211 

Brocchi on fosril conchdogy, 1 3S. 

, on Burnet's theory, 1 58. 

, his account of writen on ddttof 

Po»^S47. . . 

, on extinction of species, ui l» 

— , on the Subapennines, L 801; ""^ 

357.; iv. 63.74. 
Broderip, Mr., on opossum of sm» 

field, L 283. . 
, on shells from Conception Bay, u 

301. 
, on IantkinaJragai>,'v^Tl. 

, on bulimi restored to life »"« 

long abstinence, lit 78. 

, on moulting of crabs, til 81- 

, on naturalixation of a foreign w"- 

shell, iii. 97. ^ 

Brombeig, a vessel and twosudwow 

up near, iii. 867. ^ 

Bromley, pebble with oysten in pl»» 

clay at, iv. 225. , 

Brongniart, M. Ad., on fowl pWt»« 

the coal formation, L 15i 

, on plants in islands, i.l91- 

Brongniart, M. Alex., on inodernM* 

streams, it 185. ,^ ; 
, on elevated beaches in Sweden, - 

211.; ii.342. ^ . 
, on the Paria barin, Ui. »ii 

179. 185. ^ ^^^ 
, on conglomerate of the Snpep. 

iv. 139. . ,1,, 

Bronn, Prot, on fossil ih* "^ ""* 

Superga, iu. 389. j^^ 
, on tertiary formations of IWJ." 

389l 

, on loess of the Rhine, iv. » 51 

, on tertiary strata of M*!*"-" 

145. .. ,« 

Bronte, eruption of Etna nesr, a jj 
BrowaUius, on fitting up of ^ 

Bqthnia,ii.335. . 

Brown, Mr., on plants cwnmontt «> 

rica, Guiana, and Braiil, w. » 
Brown coal formation near the BW 

iv. 123. 
Bruia, quarry of, iv. m „ 

Buckland, Dr., on fowU deph*** 

to India, L 9. . ^ 
, on fossils {am BcbseW»» «* 

_, on the Briftol cotl-fi«M,»»*' 
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Buekland, Dr.,on nuuBmiftfoaf remaint 

of Isle of Wight, L£3& 
— , OD foMilB in cftvet and fitnires, iiL 
SS0.S3S.SS4. 

, on Val del Bove, iiL 450. 

, on eOkcU of the deluge, iv. S16. 

, on the Plastic clay, iv. SS5. 

, on fonner continuity of London 

and Hampshire basins, iv. SS2. 

, on valleys of devation, iv. S59. S62. 

, on fossil forest of L of Portland, 

iv.S95. 

, on oolite ibssils, iv. 317. 

Budoshagy, solfatara of, iv. 155. 
Bufadors, jets of air from subterranean 

caverns called, iv. IIL 
Buflbn, his theory of the earth, L €7. 

, reproved by the Sorbonne, i. 68. 

, on animals of Old as compared to 

New World, iii.SS. 
— — , on geographical distribution of ani. 

mals,iii.46. 
— , on extinction of species, iiL 165. 
Buiimtu mmUanui drifted from Alps, 

iiL38SL 
Bura and Hdice, submerged Grecian 

towns, L 26. ; iL 108. } UL27& 
Burckhardt cited, iii.Sl], SIS. 
Burdiehouse fossils, i. igS. ; iv. SOS. 
Buried cones on Etna, sections of, ilL 

4d& 

Biirkart, Mr., on JoruUo, ii. 190. 
fiumes, Capt A., on earthquake of 

Cutch, 18l9,ii.S38. 
, on earthquake in valley of the 

Oxus, iL lOS. 
Burnet, his theory of the earth, L 54. 
Burntisland, whale cast ashore near, 

lii. S89. 
Burrampooter, bodies of men, deer, &c. 

floated off by, iiL S54. 

, delU of the^ L 354. 

Burton, Mr. J., on tertiary strata near 

Red Sea, iv. 39. 
Bustards, recently extirpated in Eng. 

land, iiL ISS. 
Butler, Burnet's theory ridiculed by, L 

55. 
Syron, Lord, on permanency of the 

ocean, IL 390. 
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:adibona, lignites of, iv. 152L 
:ado lake, L S86. 



Caernarvonshire, tertiary strata in, i. 

SIO.; ir.Sgi 
Cosar dted, L S& ; iv. SISL 
Cairo, fossil shells at, iv. 139. 
Caithness schists, fossils in, L 230. 
Calabria, geological description of, ii. 

S57. 

, earthquake of 1783 in, iL 254. 

— -, animals preserved in fissures in, 

iU.231. 
, tertiary strata of, L IS&j iii. 

3G2. 
Calais, ripple marks formed by the 

winds on dunes near, iv. 94. 
Calanna, lava of Etna turned from its 

course by hill of, iU. 435. 

, valley of, iii. 434. 44S. 

Calcure grossier of Paris basin, iv. 181, 

182. 186. 192. 
Calcaire silioeux of Paris basin, iv. 183. 
Calcareous springs, 1. 307. 
Calcutta, beds cut through in sinking a 

well at, i. 357. 
Caldeira, siliceous sinter of the, L 323. 
Caldera, in Isle of Palma, iL213. ; iiL 

311. 
— , a supposed crater of elevation, iL 

214^ 
California, five volcanos in, iL 97. 
Callao, town destroyed by sea, iL 105. 
— , changes caused by earthquakes in, 

iL 302, SOS. ; iii. S7a 
Caltibiano, R., lava excavated by, i. 

27a 
Caltagirone, blue shelly marl of, iii. 4ia 
Caltanisetta, tertiary strata at, iii. 410. 
Camden cited, iL 50. 
Camels, carcasses of, imbedded in drift 

sand, iiL S12. 
Campagna di Roma, calcareous deposits 

of, L 31& 
•— , volcanic rocks of, iv. 102. 
Campania, aqueous lavas in, iiL 214 

, tertiary formations of, iv. 16. 

•— — , comparison of recorded changes in, 
with those commemorated by geolc- 
gical monuments, iv. 16. 
— — , age of volcanic and associated 

rocks of, iv. Sd 
— -, external configuration of the coun- 
try, how caused, iv. 27. 
— — , affords no signs of diluvial waves, 

iv.29. 
Campbell, Mr., on migration of quaggas 

in South Africa, iii. 59. 
Camper on facial angle, iiL 15. 
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Canadi, ttrthqmdcefl ftcquent in, IL 

96.851. 
Canary ialandf , eruptions in, ii. IKK 
Cannon in calcareous rock, iii. 269. 
— — , account of one taken up near tfae 

Downs, ilL 9B9. 
Canoes drifted to great distances, iii 92. 

, fossU, iii. 868. 

Canopus, formerly an island, i. 350* 

, overwlielmed by the sea, i. 35& 

Cantal, Flomb du, ii. 801. 881. 
.— ., flreshwater formations of, iv. 171. 
Capellbacken, shelly deposit at, iL 348. 
Cape May, encroachment of sea at^ 11 

6a 
-—of Good Hope, icebergs seen off, 

1,173. 
.— Wrath, granite veins of, ir. 34a 
Capitol, hill, calcareous tufa on, iv. 4a 
Capo Santa Croce, shelly limestone 

resting on lava at, ill 418. 
Capra, rock of, ill 443. 
Caraccas, earthquakes in, ii. 845. 851. 
Caradoc sandstones. It. 883, 884i 306. 
Canng Assam volcano, ii. 845. 
Carbonated springs, i. S87. 
Carbonic acid gas ; its eflbcta on rocks, 

1.327.389.; iT.38]. 
Carboniferous series, L 196. 230. ; iv. 

301. 

, fVeshwater strata in, iv. 30S. 

— — , see Coal 

Carcare, tertiary strata of, iv. 134. 139. 

Cardiganshire, tradition of loss of land 

in, ii. 50. 
Cctrdium portUosum, iv. 188. 
Cardona, rock salt of, its relative age, 

iv. 3S& 
Carelli, Signor, on temple of Serapis, ii. 

318. 
Carew on St. Michael's mount, ii 49. 
Cariaco, bed of sea raised near, IL £94. 
Caribbean sea, tides in, it 63. 
Caridi, R., its course changed by earth. 

quakes, ii. 874. 
Carpenter, Dr. on encroachment of sea 

at Lyme Regis, 11. 49. 
Casalmaggiore, island at, carried away 

by the Po, i. 87^ 
Casamicciol, shelb in tuffat, iv. 87. 
Caspian, Pallas on former' extent of, i. 

79. 
-_, calcareous springs near the, i. 388. 

, evaporation of the, L 346. 

— ., earthquakes on its borders, 11. 103. 
— , said to encroach on the land, ii. 

103. 



CasplaBi iBfanauUe gas, && 

103. 

, its levd, U. 108.; ilL 4& STL 

—, now found not to be lower thss 

the Black Sea, iv. 215. 
, said to have been united with 

Black Sea and sea of Axai^'n. Ifii; 

iii.^ 
Cassandn cited, L 12. 
Castell de StoUes, ravine csflavated is 

lava opporite, iv. 109. 
Castell Follitt, lava stream of, iv.lM. 
, lava cut through by river ad, iv. 

110. 
Caatelio d*Aci, iiL 489. 
Castrogtovanni, section of Yal di Note 

ieries at, iiL 407. 

, hUl of, its height, iiL 409l 

.fossils of; iU. 411. 

Catalonia, devastation of tarreats in, m. 

18& 
-— , volcanic district of, iv. 103. 
— , ravines excavated tluNmsh lava ia, 

iv. 106. 110. 

, age of volcanos of, iv. 112. 

, supetpesitioa of toc±s in voksai c 

district of, iv. lia 
CaUnia, overwhdmed by Iava» iL 171 ; 

iii: 815. 

, destroyed by earthquake^ u. 305. 

— , tools discovered in digging a vel 

at, IiL 866. 
-_, volcanicconglomeratet fansung oo 

beach at, iiL 417. 

, plain of, iii 480, 

-.— , marine formation near, iuL 425L 
Catastrophes, theories le^edinc; i> 18. 

iii. 331. a7& 
Catcllfr, Little, section of, iv. 98.. 
Catcott on the deluge, i. 7& 
— ~- on traditions of deluges in 

countries, L 73. 
Catodons, stranded, iU. 289. 
Cattegat, devastations ( 

in the, ii. 64^ 
Catwyck, loss of land at, ii 5fi. 
Caucasus, catoareoua sptiugB of, L SZl 
— — , earthquakes frequott .in, IL I 

894^ 

, abounds in hot spriags, iL JOS 

Cautley, Capt, on buried Rindoo temn, 

iiL 881. 
— — on bones in ancient welb^ iS, £90. 
Cavalaccio, Monte, sheila in tiiA or« ii. 

425. 
Cavanilles on earthquake of Q«t^ ^ 
850. 
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Caves, organic remains in, iiL SStS. 9Sn. 
235. ; iv. 51. 55, 56. 

— •, alternations of sediment and sta- 

) lagmite in some, iii. S82. 

— • on Etna, IL 173. 

Cavo delle Neve, in Ischla, iv. 28. 

Cayambe, volcano, iL 95. 

Cellent, lava current of, iv. 104. , 

— — -, section atrave teidge of, iv. 108. 

Celestial mountains, L 144. 

Celsius on diminution of Baltic, i 57. ; 
u. 331, 

Censorinus, L 90, 

Central France, lavas excavated in, L 
268. 

<i— — , comparison between lavas of foe- 
land and, iL 182. 184. * 

— — >, volcanic rocks of, iv. 15& 197. 

— — , freshwater formations of, iv. 157. 

, analogy of tertiary deposits of, to 

those of Paris basin, iv. 177. 185. 

Central heat and fluidity, theory of, L 
216. ; ii. 35d 

Centrifugal force, ii. 352. 372. 

Cephalaspis, fish fossil in old red sand- 
stone {jtee fig.) iv. 303. 

Cephaionia, earthquakes in, IL 258. 

Cer, valley e^ sections in the, iv. 
174. 

Ceret and Boulon, tertiary strata be- 
tween, iv. 8dL 

Cesalpino on organic remains, I 97. 

Cetacea, geographical range of, iiL 54. 

, migrations of the, iiL 65. 

— , imbedding ;of their remiuns in re- 
cent strata, iiL 289. 

, stranded on low shores, iiL 289. 

ChabriOl, M., on fossils of Mont Per. 
rier, iv. 149. 

Chadrat, pisolitic limestone of, iv. 166. 

Chagos coral isles, iiL 302. 

Chalk, protruded masses of, in the crag 
strata, iv. 98. 

, indentations filled with sand, &c. 

on its surface, iv. 230L 

, tertiary outliers on, iv. 231. 

and upper green sand of Weald 

vaUey, iv. 236. 

, escarpments of Weald valley, once 

sea.clif&, iv. 240, 241. 
.«— , why no ruins of, on eentral district 

of the Weald, iv. 247. 
-— of North and South Downs, its 
Ibrmor continuity, iv. 257. 

— k furrows on die, how caused, iv. 

fisa. 



Chalk, greatest height of, in England, 

27S. 

area covered by, iv. 287. 
converted into marble by trap dike 

in Antrim, iv. 372. 
Chalk-flints, analysis of, iv. 173. 
Chaluzet, calcareous spring at, L 306. 
— — , volcanic cone of, L 327. 
Chama gigas, growth of, iiL 303. 
Chamali^es, near Clermont, iv. 160. 
Chambon, lake of, how fbrmed, iv. 206. 
Chamisso, M., on coral islands, iii. 299. 
Chamouni, glaciers of, iv. 61. 
Champheiz, tertiary zed marls of, iv. 

161. 
Champdeon in the Alpi, strata altered 

near, iv. 376. 

Champradelle, vertical marls at, iv. 164. 

Oortf, fossUiaed, iiL 282. 

Charlesworth, Mr., on the crag strata, 

iv. 86L 
Chemical changes, whether volcanic 

heat is produced by, iL 363. 
Chepstow, rise of tides at, IL 3. 
Cheshire, brine springs of, L 326. 
— -^ waste of coast of, ii 50. 
Chesil bank, iL 47. 

Chesilton, overwhelmed by sea, ii. 48. 
Chili, earthquakes in, L 115. ; iL 23U 
— .— , numerous volcanos in, iL 93. 
I—, Newer Pliocene marine strata at 

great heights in, iv. 31. 
Chimborazo, height of, L 177. 
China, climate of, L 165. 
~— , earthquakes violent in, iL 102. 
Chines, or narrow ravines, described, ii. 

4& 
Chittagong, earthquake at, ii. 294. 
Cheekier, cave at, Ui. 23a 
Christ Church head promontory, ii. 46. 
Christie, Dr. T., on caverns in Sicily, 

iv. 52, 53. 55. 
Christol, M. de, on fossils of Montpti- 

Uer, iv. 138. 
.— , on caves, iii. 236, 237. 
Cicero cited, L 41. 
Cimbrian deluge, iL 65. 
Cinquefhmdi, changes caused by earth. 

quake at, iL 376. 
Ciply, Maestricht beds seen at, iv. 284^ 
Cirque of Oavamie, in Pyrenees, iiL 

438. 
Circular hollows formed by earthquakes, 

iL 23a 233. 278, 27ft 
Cistema on Etna, how formed, UL 448.; 

iv.30. 



T 4? 



416 



IKDBX. 



CiviU VeoehU, iprinf* at, L S1& 
Clark*. Dr., on appearance, &e. of lava 

in motion, iL \S5. 
CU7-«late in Pyrenees, iv. 3G8. 
— — , may be altered into ihale, and 

hornblende ichist, Iv, 38SL 
C1a7ton,*Bithop, on the deluge, i. 13. 
Cleavage, or slaty structure of rocks, iv. 

361. 
ClennoDt, sections near, iv. IGO. 164k 

198. 

, calcareous springs at, i. 906. 

Clift. Mr., on bones of animals ttcm 

Australian caves, iv. 57. 
Climate of Europe, Raspe on former, i. 

74. • 

~— , change of, in northern hemisphere, 

L 135. ld& 15a 
—, on causes of vicissitudes in, i. 160. 
— ^ astronomical causes of fluctuations 

in. i. 2ia 
— , its influence on distribution of 

plants, itL SSL 
-— ^ efftct of alterations in, on distri- 
bution of species, iiL 156. 15a 35S. 
— , influence of vegetation on, iii 

187. 
Climates, insular and excessive, 1. 165. 

iL434k 
Coal, formation of, at mouths of Mac 

kenaie, IiL SM. 
— — , reduced to cinder by trap dike, iv. 

373. 

. See Carboniferous. 

Coal formation, fossil plants of the, L 

15k 197. 28& 897. 
Cole, Viscount, on delta of the Kander. 

iv. 83. 
Colebrooke, Mr. H. T., on crocodiles of 

Ganges, i; 358. 
Colebrooke, Major R. H., on the Ganges, 

i. 357. ; iii. 192. 
CoUe, travertin of, L SOa 
— — . freshwater formation of, iv. 43. 
College, R., transportation of rocks by 

the, i. 264. 
CoUini on igneous rocks, i. 85. 
Colombia, earthquakes In, iL S94. 
Colonna on organic remains, i. 38. 
Comb Hurst, hills of, iv. 896. 
Cdme lava, current ot^ iv. 106. 
Conception, earthquakes at, ii. 800.; 

111273. 
, recent fossils at great heights in 

Bay of, iv. 31. 
Conglomerates, tertiary, of Nice, iv. 79. 



Conglomerates, now tbnn6d by zircn 

near Nice, iv. 7a 88. 

, volcanic, iL 196w ; ill. 417. 

Contemporaneous origin of rocks, hcv 

determined, iii. 344. 
— — , remarks on the term, iiL 385. 
Continents, position of former, iv. 314. 
Conybfare, Rev. W. D., on Lister, L 1o. 

, on Bristol coal field, L 90a 

— •, on earthquakes, iL 401. 

— — , on the English crag, iiL 359L 

, on the London clay, iv. 227. 

, on indentations in the chalk, ir. 

23a 

, on transverse valleys, iv. 251. 

, on vertical strata of Isle of Wi^t, 

it. 866. 
— , on former continuity of cfaalk of 

North and South Downs, |v. 857. 
, on theory of M. EL de Bettumoot, 

iv. 34a 
Cook, Captain, on drilUng of canoes to 

great distances, IIL 92. 
, on existence of high land near the 

South Pole, L 172. 
Coomb, ravine called the, near Lewei, 

iv. 864. 
Copemican theory, edicts against i»- 

pealed at Rome, L 99. ^ 
Gopiapo, raised banks of tbeiU at, iL 

83a 

Coquimbo, parallel roads of, !▼. 32. 
Coral between lava currents in ^cft 

Indies, Ul. 315. 
Coral islands, iiL 89a 
, beds of oysters, &c., on, in the 

Paidfic,iiL89a 

, their extent, iiL 901. SI& SSa 

linear direction of, iiL aOS. 
rate of growth of, iiL 909L 
Cordier, M., on rate of increase of best 

in mines, ii. 357. 360. 
~— , his theory of central heat sad 

fluidity, L 81& ; IL 357. 
, on tides in the intmuU meltet 

ocean, iL 368. 
Cordilleras shaken by earthquakes, b. 

23L84d 
Corinth, deeompcdtlon of rocks in, t 

158. : iv. 380. 
Cornwall, waste of clift of, ii. 4ft 
, land inundated by drift sand is^ 

iiL 213. 
, temperature of mines is, W. 

356. 
— -, granite veins of, iv. S47. 574. 
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Coromandel, inundatioDfof sea oncoait 

of, iil 220. 
Cortesi, L 78. 
Cocmogony disUnct Arom geology, i. 5. 

, of the Hindoofl, L 6. 

— , Egyptian, i. 11. 

, of the Koran, i, 90. 

Costa de Pujou, hill o^ iv. lOa 
Costantini, deluge vindicated by, I 59. 
Cotentin, tertiary formation of the, iv. 

221. 
CkJtopaxi, ii. g5. 381. 
Coudes, tertiary red sandstone of, iv. 

161. 
Covelli, M., on increase of temperature 

of a hot spring in Ischia by earth. 

quake, ii. 230. 
Cowper, i. 97. 
Couze, R., lake formed by filling up of 

its ancient bed by lava, iv. 206. 
Crag of England, fossils of the, iii. 358. ; 

iv. 85. 87, 88. 
..— , its age, composition, &c., iv. 85. 
.-— , lacustrine deposits resting on the, 

iv. 89. 

, stratification of the, iv. 91. 

.—. , compared to Faluns of Touraine, 

iv. 129, 130.. 
., passage of, into alluvium, iv. 100. 
, its resemblance to formations now 

in progress, iv. 95. 
Cramer, Mr., on earthquake of New 

Madrid, u. 247. 
Crantz, on driO-wood, iil 246l 
Craters of elevation. Von Buch*s theory 

of, considered, ii. 205. 
CiawAird, Mr., his discovery of fossils 

in Ava, i 4a 
Creation, suf^osed centres or foci of, 

iii. 102. 
Cremona, lakes filled up near, i. 275. 
Creta, argillaceous d^osit called, lit 

4ia 420. 424. 
Cretaceous group, iv. 284. 
Crimea, waste of diffi in the, ii. 64. 
Crocodile taken in the Rhone, iil 71. 
Crocodiles imbedded by a river inunda- 
tion in Java, ii. 304. ; iil 849. 254. 
Croiiet, M., on extinct quadrupeds of 

Mont Ferrier, iv. 149. 
—.-.^ on alluviums of Auvergne, iv. 

«10. 
Cromer, waste of cliffi of, iL 26. 
-»-, section near, iv. 96. 
Cropthom, fossils fbund at, i. 142. 
Crowborough hill, height of, iv. SS7. 



Crowborough hill, tiiickness of suata 

ronoved from summit of, iv, 272. 
Cruckshanks, Mr. A., on earthquake of 

ChUi in 1822, iL 2S2. 
, on lines of ancient sea-cliift on 

coast of Peru, iv. 32. 
Cuckmeie, transverse valley of the, iv. 

252. 
Culver cliff, iL 44. 
Cumana, earthquake of, iL 251. 
CumberUind, slate rocks of, iv. 361. 389. 
Cuming, Mr., on earthquake at Valpa. 

raiso, 182S, U. 233. 
Currents firom equatorial regions, i. 

165. 
, from the Pole (o the Equator, i. 

184. 
, section of debris deposited by 

opposing, L 374. 

causes and velocity of, iL 3. 7.' 
destroying and transporting power 

of, u. 11. 82. 84. 8& 

, in estuaries, their power, iL 20. 

— —, in the Straita of GibralUr, iL m, 
— , reproductive effects of, iL 74. 8iL 
-— , on the British shores, iL 74. 
, distribution of drifUtlmber by, iii. 

247. 
Curtis, Mr., on ravages caused by 

aphides, iiL 114. 
Curtis, Mr. John, on power of the ti. 

pula to cross the sea, iiL 88. 
— , on number of British insects, iii. 

171. 
-— , on fossil insects, iii. 249L ; iv. 154. 
Curves of the Mississippi, i. 279. 
Cussac, fossils in alluvium under lava 

at, iv. 149. 
Cutch, changes caused by earthquake of 

1819 in, u. 237. ; iiL 273. ; iv. 3w 187. 

266. 29& 

, map of (see plate 5.) iL 237. 

Cuvier, on durability of bones of men, 

L 241. i iiL S6R. 
^^on.VariabiUty in species, ii. 435. 438. 
— .— ., on identity of Egyptian mummies 

with living species, iL 441. 
^—t on number of fishes, iiL 171. 
—-^ on extinction of the dodo, UL 134. 
—^, on ooUte fossils,L 291; iv. 317. 
— ., on mammiferous remains of the 

Upper Val d'Amo, iv. 151. 
, on tertiary strata of Paris basin, 

iiL 354. i iv. 179. 185.192. 
Cuvier, M. F., on aptitude of some ani. 

mals to dtmifStlpatiffffL iL 452. 
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Cttvler, M. F., on iaineliM of dooiet. 

ticAtioD, U. 46a 
Cyclopf, Maud of; In Bay of Trttsa, itt. 

484. 
Cypris IbMilked in Sooteh marWUkM, 

ULSSS. 
, in flreihwater itfvU of Auvorgne, 

iv.lfiS. 
i^-, habita of liring tfptoietotijieefigs.), 

iv.163. 

ft 

D. 

Dalman, M., on greywack^ rocka of 

Sweden, iv. 307. 
Dangerfleld, Captain F., on buried cities 

in Central India, ilL 216. 
Daniell, Professor, on tlie tradcwinds, 

1184. 

f on melting point of iron, ii. S6& 

— ., on fusion of metats, ii. 360. 

, on deoxidating power of hydrogen, 

il. 371. 
Danish Archipelago, undermined by 

currents, ii. 64. 
Dante, embankment of rirers noticed 

by, i. 277. 
Dantzic, waste of land near, ii. 64. 
D'Anville, M., on gain of land in Red 

Sea, ii. 80. 
Darby, on drift-wood of MIssiMippi, 1.282. 
, on lakes fbrmed by Red River, L 

286. 

, on marine strata of Lower Louis- 
iana, 1. 287. 

, on delta of Mississippi, 1.361. 

Darent, transverse valley of the, Iv. 251. 

Dartmoor granite, iv. 375. 

Daubeny, Dr., on mineral springs, i. 

305. 
— — , on country round the Dead Sea, i. 

327. 
— -, on decomposition of trachyte, il. 

91. i iv. 381. 
^ on flowing of lava under water, ii. 

145. 
^ on vicinity of volcanos to the sea, 

iL391. 
, on agency of air and water in vol- 

canos, ii. 393. 395. * 

. , on nitrogen in mineral springs, iii. 

180. 

J on Valdi Noto limestone, Iii. 409. 

on eruption of Vesuvius in 1834. 

iiL4t7. 
^— , on volcanic i«gion of Olot, ir. 104. 



DaHbeny, Dr., on Tokatiie dSilrictof 

Lower Rhine and Eifel, {▼. 12& 
— — , on Auvergne volcanoe, iv. SIS. 
D'Aubttisson on Smith's nutp of Ess- 

land, L 102. 
— — , on Auvei^e lavas, lit 445. 
Daun, lake-craters near, iv. 117. 
Davy, Sir H., on lake of the Solfttan, 

L316. 
.— — , on formation of travertui, L 317. 
^— , his theory of progreauve devekp- 

ment, i. 229. 
— — , on eraption of Vesraviua, iL 157. 
— — , on chemical agency of electiicity, 

ii.ae6. 
^— , his theory of an andoxidated me- 
tallic nucleus, ii. 370. 
-^, on agency of air and water in vo!- 

canos, iL 392. 395. 

, his analysis of peat, lit 199. 

Davy, Dr., on Graham Island, il205. 

392. 
-^, on a helmet taken upfktnn the lea 

near CorAi, iii. ?71. 
Davy, Rev. C., on Lisbon eaxthquake, 

ii.295. 
Dax, tertiary fbrmatlona o^ UL 960. ; >▼ 

132. 
— ~., inland clifPnear, iv. 136. 
Dead Sea, waters of, i. 327. 
.—— , the country around it, ▼olcuuc, L 

327. i il. 106. 
De Candolle on hybrid plants, iii 10. 
, on distribution of plant*, iii 25, 

96.28. 
, on agency of man in JBqpenion d 

plants, ill 43. 

, on stations of plants, ill. IQB. 

_^, on the barriers which separate dis. 

tinct botanical provinces, ilL 166L 
— — , on number of land plants, iiL 9S. 
.— , on longevity of trees, iii. 451. 
Dee, R, bridge over, swept away t? 

floods, i. 263. 
Deer, their powers of swimming, iiL5& 
~^, formeriy abundant In Sooftiane 

iii. 131. 
.— , remains of, in marLlakes, Ui. 25f 
Deguer on remains of ships, 

Dut(^ peat-mosses, iii. 909. 

, on greywadc^ fbssils, i. 196, 

De la Beche, Mr., on delta of 

Lake of Geneva, L 394l 

, on storm of Nov. 1824^ ii 4S. 

, on earthqudte of Jsnodca, 

iisoe. 
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De U Beche, Ur., ton action of rain in 

the tropics, iii. 187. 
— , on drifting of plants to sea by 

hurricanes, Iii. S47. 
-— *, on coral formations, iiL SlOl 
— , on alternation of coral and lava in 

Isle of France, iiUSlS. 
— , on fossil forest of L of Portland, 

iv.£95. 
-— , on granite of Dartmoor, iv. 375. 
3e la Hire on fossil wood Arom Ava, 

ld9S,L4& 
>elhi territory, eiephants in, L 148. 
:>elille, on wheat in Egyptian tombs, 

ii.442. 
— , on natire country of wheat, ii 

443. 
>elu of the Adige, i. S46L 
— , of the Brenta, L S4& 
— , of the Burraropooter, L 354. 
—^t, of the Ganges, L 964. 
— , its stratification, L 37SL 
— ,M>f the Isonxo, I. S4& 
— ^ of the Mississippi, 1 360. 37S. 
— , of the Niger, sice of, iv. 316. 
— ^ of the NUe, L 340. ; Ui. 370. 
— , of the Po, i. 346. 
-— , of Rhone, in Lake of Geneva, i. 

SSa ; iii. 368. 
— , of Rhone, in Mediterranean, i. 

341. 

— , of the Tsgliamento, L 346. 
>eltas, chronological computatians of 
age of, L 33& 

— ^ of Lake Superior, i. 3S8. 
~, of the Baltic, LS4a 
.—, oceanic, L 353. 
— , grouping of strata in, L 367. 
— >, independent in same badn, i. 369. 
»e Luc, his treatise on geology, 1809. 

1. 90. 

~, on origin tvf graiiite,'L lOL 

— , on age of deltas, 1 338. 

^, on conversion of forests into pe«^ 

mosses, lit 903. 

— , on the dduge, iv. 216. 

« Luc, M. G. A., his natural ehrono. 

meters, iii. SIO. 

eluge, ancient theories on causes of, 

i. 31. 46. 58, 53, 54. 56, 57. 59. 73. 

— , foasU shdls referred to the, L3S. 

56. 

eluge, on changes caused by the, iv. 

«4. 

— , M. de Beaumont im oame ^ his- 

torloal,iv.tl& 



Deluges p«t of the present course of 

Nature, L 13a 

local, how caused, 1. S88. 
traditions of difihrent, i. Sa 7a { 

a 104. 
Demaillet, qieouhitive views o^ ii. 417. 
Denudation, effbcta of, iii. 18& 871. 874. 

, of valley of the Weald, iv. 834. 

Deposition of sediment, rate at which 

the finer kinds subside, ii. 86. 

, shifting of the areas of, iii. 367. 

Derbyshire, Whiteburst on, i. 78. 

Descartes, iiL 4491 

Deshayes, BL, on fossil shells, iii. 361. 

391. 396. 4ia 4fi5, ; iv. 37. 43. 85. 144. 
' 154. 188. S8% 8901 334. 
-^, on subdivisions of the tertiary 

strata, iii. 388. 

, <m limestone of Haye, iv. 135. 

DeqardUi, M., bones of the dodo found 

under lava by, iii. 134. 
Desmarest considered geology a branch 

of physical gec^aphy, L 6. 
on Auvergne, i. 85. 
on the separation of England ftom 

France, ii. 4a 
Desmoulins, M. Ch., on Eocene dqx>» 

sits near Bordeaux, iv. 136. 
Desnoyers, M., on human remains in 

caves, iii 837. 
, on tertiary formations of Touraine, 

iu.3ea388.; iv.188. 13a 

on fossils of the Orleannais, iv. 15a 
on alternation of plastic chiy and 

calcaire grossier in Paris basin, iv. 181. 
—, on the Coteatin, iv. 88L 
Deucalion's ddugc^ i. 80. 
Didelphis, fbssU, in ooUte, L 888. 
Dikes, composition and position of, ii. 

137. ; iiL 418. 414. 44a 444. ; iv. Sa 

38. 

how caused, iiL 418L ; iv. 8L 
changes caused by, iiL 414 441. <; i v. 

371. 885. 
Diluvial theories, iv. 814 
— , waves, whether there ate signs of 

their occurrence on Etna, IiL 464. 
— — , no signs of, in Campania, iv. 89. 
Dimlington height, waste ot, iL 88. 
Diodorus Siculus cited, IL 105. 168. 
Dion Cassius dted, ii. 180. 
Dodo, recent extinction of the, HL 13SL 
Dog, varieties of the, IL 411. 437. 
— ^, its distinctness flrom the wolf, iL 

43& 
, hybrids iMtween wolf and, UL 31 L 

6 
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Dog, examples of aequired InetiiKto he^ 

redltary in the, ii. 453. 

has run wild in America, iiL 196. 1 

Doggerbank, Capt. Hewett on the, iL 

8fiL 
DoUart, formation of eituary of the, iL 

£8. 
Dolomieu on the Val di Noto^ Vicentin, 

and Tyrol, L 8& 
-— on lavas of Etna, L 8fl 
— . on decomposition of granite, L 339. 
on earthquake of 1783 in Calabria, 

ii. 256. 259. S73. 28a 
Domestication, aptitude possessed by 

some animals to, ii. 452. 463. 

, influence of^ iL 457. 

Dominica, coral between two lava^cur- 

rents in, iiL 315. ; iv. 36. 
Don R., transportation of rocks by, L 



Donati on bed of Adriatic, L 67. 124. 

347. ; iiL 295. 
Dorsetshire, landslip in, iL 46. 
— , valleys of elevation in, iv. 262. 
Doue, M. Bertrand de, on tertiary strata 

of Velay, iv. 149. 170, 171. 20a 
— ^, on Auvergne alluviums, iv. 210. 
Dover, waste of chalk cliflk of, iL 39. 

, depth of sea near, IL 39. 

-i^, formation of Straitt of, iL 4a 

, strata at foot of dift of, iL 41. ; iv. 

274. 
Downham buried by blown sand, iiL 213. 
Dransc, R, L 291. 293. 
Drift-sand of Aflrican deserts, iiL 210. 
Drift-wood of Mississippi, L 280. 283. 36L 

, imbedding of, UL 241. 

, abundant in North Sea, iiL 246. 

Drongs, granitic rocks of Shetland, worn 

by the sea, iL 17. 
Drontheim, iL 345. 
Druids, their doctrines, L 96. 
Dtt Bois, M., on tertiary straU of VoL 

hynia and Podolia, iv. 144w 
DuAr^noy, M., on the Pyrenees, L 206. ; 

iv. 375. 
, on fimestone of Blaye^ near Bor. 

deaux, iv. 13uL 
-.-^, on hill of Gergovia, iv. 199. 
— — , on age of red marl and rock-salt of 

Cardona, iv. 323. 

, on chalk of & of France, iv. 287. 

Dujardin, M. on shells, &c. brought up 

by artesian well at Tours, L 303. 
Dunes, hills of blown ssnd, iL 24. 73. ; 

iv.94. 



Danwkh, destroyed by the les, & 31. 

, crag strata in diflb near, iv. 89. 93 

Durance, B., land-sheUs drifted by the. 

iiL 382. 
Dureau de la Malle^ M., dted, iL 4S;. 

458. 
Durham, waste of coast of, iL SL 



Earth, antiquity of the, L 34. 

^, on changes in its axis, L5S.9& 

, proportion of land and m on iti 

surfkce, L 216. 
— », spheroidal form of the, iL SoS. 
— — , mean density of the, iL 355. 

, electric currents in 0)e,iL Xi. 

— ^, sections of the. Seejig$. 4S» ^> 

iL 35a 377. 
— , elftcu produced by the po«m«t 

vitality on its surface, iii. 17& 
Earth's crust, signs of a soeoeniat' 
former changes reoognissble is, ^ 
325. 
— — , arrangement of materisli eta- 

posing the, UL 33a 
Earthquakes, energy of, prdbMj uni- 
form, L 93. 129. 
-i.*, earth's surface contiaually it- 
modelled by, L 17& 

, all countries liable to sliglit ihock 

of; iL 111. 
— ~, chronologically described, «r^« 

II. p. 227. et aeq. 
— «>, phenomena attendinf, iL 288. 

in Cutch, 1819. &eiMp,iL^- 

in Calabria, 1783, iL 251. 

-— % diflBculty of measuring the eifMt 
of, iL 261. 

chasms formed by, ii, 267, S6& 
excBvutioQ of valleys aided by, i^ 
281.; iv. 11. 
.-^, renovating eSbcts of, iL SS?. 40^ 

, cause of the wave-like motioo <^ 

ii. 379. 

, cause of retreat of sea duiingi'' 

298. 
-— , ravages caused by sea durinf , '» 

*— , seversl thousand peofile entotatea 
in caverns during, iiL 229. 

, their efitets in iinbeddiiv ^^"^ 

and forests, iiL 272L 

in the Fkcific, IiL Sia 

, cauaes of volcanos, and, &. 3B0 



INI>£X. 



421 



East Indian Arcbipelago, tertiary form. 

ations of, iv. 37. 
£cchelleniu, Abraham, i. S2. 
Edmonston Island, i. 356. 
Eels, migrations of, iiL 7i. 
Egerton, Mr., on delta of the Kander, 

iv. 83. 
Egypt, nearly exempt from earthquakes, 

i. 14. ; ii. 109. 
, cities and towns buried under drift- 
sand in, iii. 210. 212. 
Egyptian cosmogony, i. 11. 244. 
mummies identical with species 

still living, ii. 439. 
Ebrenberg, M. C. G., found Bengal tiger 

in Siberia, i. 144. 
on corals of Red sea, iii. 298, 304. 

310. 314. 381. 
Ehrenhausen, coralline limestone of, iv. 

142. 
Eichwald, M., on tertiary deposits of 

Yolhynia and Podolia, iv. 144. 
Eifel, volcanos of the, iv. 114. 122. 
— — » lake-craters of the, iv. 115. 

, trass of the, and its origin, iv. 121. 

Electricity, a source of volcanic heat, 

iLSea 

, whence derived, iL 369. 

Elephant, fossil, in India (note), i. 10. 
— i> in ice on shores of North Sea, i. 

79. 
** Elephant Bed*' at Brighton, ii. 41. ; iv. 

274^880. 
Elephants covered with hair in Delhi, i. 

148. 
, their sagacity not attributable. to 

their intercourse with man, it 462. 
— — , their powers of swimming, iii. 54. 
Elevation of land, how caused, i. 49.; 

ii. 231. 239. 300. 383. ; iv. 4. 
— — , prooft of successive, iv. 8. 
Elevation and subsidence, proportion of, 

il400. 
Elevation craters, Von Buch*s theory 

of, considered, iL 205. 
— — , origin of the deep gorge in, iL 221. 
Elizabeth or Henderson's Island des. 

cribed, iii. 316. 
Elsa, travertin formed by the, L 308. 
, freshwater fonnations of the, iv. 

42. 
Embankment, system of, in Italy, i. 

276. 
—— >, gain of land In Adriatic more npid 

in consequence of, I 347. 



Emu in Australia will become extermi 

natcd, UL 133. 
Engelhardt on the Caspian Sea, iL 103. ; 

iiL 148. 
England, waste of cliffi on coast of, ii. 

21.4a 
— >— , slight shocks of earthquakes felt 

in, iL IIL 348. 
— , height of tides on east coast of, ii. 

2.39. . 
, tertiary strata of, iii. 357, 358. ; iv. 

39. 85. 224. 
, excavation of valleys in S.E. of, iv. 

27a 

, geological map of S.E. of, iv. SSS. 

Enza, R., iv. 8. 

Eocene period, derivation of the term, 

iiL 392. 

, fossils of the. iii. 393. 395. 

, freshwater formations of, iv. 156. 

— , marine fonnations of, iv. 177. 
— , physical geography, fauna and 

flora of the, iv. 194. 

, volcanic rocks of, iv. 197. 

*— , map of principal tertiary basins of, 

iv. 222. 
-— , alluviums of, iv. 276. 
•— , chasm between secondary form- 
ations and those of, iv. 290. 
— , hypogene rocks formed since, iv. 

396. 
Epomeo, Monte, height, &c., iv. 26. 
— >, shells in tuff near summit of, iv. 

«7. 
Equatorial current, L 166. 
Equinoxes, precession of the, L 174. 
Erhebimgs crater, theory of, considered, 

iL206. 
Erie, lake, rapidly filling up, L 274. 

, peninsula cut through by, ii. 64. 

Erman, M., on specific gravity of sea- 
water, L 168. 
Erratic blocks, of the Alps, iv. 59. 

, transported by ice, i. 265. ; iv. 61. 

Eruptions, volcanic, number of, per 

year, iL 224. 

, cause of, ii. 385. 

Erzgebirge, mica slate of the, L 83. 
Escarpments, manner in which sea dS. 

stro]rs successive lines of, iv. 8. 242. 
— — , of chalk in Weald valley, once 

sea cliffi, iv. 240, 241. 
Escher, M., on flood in valley of Bagnet, 

L292. 
Eschscholts Bay, fbssila of, i. 149. 
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Eierinet, Pan of, conglomerate fonnlng 

at, iU. 93SL 
Euex, inroads of lea on coast of, ii. 35. 
Estuary deposits, arrangement o^ iiL 

334. 
Estuaries described, il 90. 
— «>, new ones formed by sea in Hoi. 

land, iL 58. 

how kept open, iL 75. 
tides in, ii. 76. 
— ,gain of land in, does not compen- 
sate loss of coast, iL 77. 
— , imbedding of freshwater species 

in, iiL 285. 
Etampes, fossil bones near, L 96. 
Eternity of the earth, or of present sys- 
, tem of changes, not assumed in this 

work, iv. 399. 
Etna, description of, iL 123. 164. ; ill 

42a 490. 444 
— , lavas of, L 269. 367. 
— — , minor volcanos on, ii. 166. 
— — , buried cones on flanks of, iL 167. ; 

iiL 43a 
— , eruptions of, iL 168. 174. ; iiL 4S3. 
-^t towns overflowed by lava of, ii. 

171. } iiL 215. 
•— , subterranean caverns on, iL 173. 
— , great floods on, ii. 176. 
— -, glacier under lava on, ii. 177. 
— i, its cone truncated in 1444, ii. 216. 
— .— , said to be an ancient crater of ele- 
vation, iL 821. 
— — , nurine formations at its base, ii. 

218. i iiL 420. 424. 
— — , great valley on east side of, iii. 490. 
-i^, form, composition, and origin of 

the dikes on, iiL 440. 
— , subsidences on, iiL 447. 
-^, antiquity of cone of, iii. 449. 
— — , whether signs of diluvial waves are 

observable on, iii. 454. 
Euganean Hills, ancient lavas of, iL 112. 
Europe, newesb tertiary strata of, UL 

361. 
— — , geological map of (tee plate 2.), L 

209. 
<— — , large portions of, submerged when 

secondary strata formed, iii. 363. 
European tertiary strata, successive 

origin of, iii. 357. 
European alluviums in great part ter. 

tiary, iv. 58. 
Euxine burst its barrier, according to 

Strabo, L24 



Bnslne, gradually iUing iqp, L S4. ' 

——, see Black Ses. 

Evaporation, quantity of water canicd 

offby,L347.i iL 63. 67. 
~—f currents caused by, iL 7. 
Evoest, Mr., on island of MunkholBt 

iL345L 
Everest, Bev. R., on .climate of Ibssil 

elephant, L 148. 

, on sediment of Ganges, L 963. 

Excavation of valleys, iL S81. ; iv. STVL 
Extinction of species, suoceasive, psitof 

the economy of nature, iiL 155. 18L 
Eyderstede overwhdmed by sea, iL 65L 



F. 



Fabio Colonna, L 38L 

Facial angle, iiL 15. 

Fair Island, action of the sea on, iL 18. 

Falcon! on elevation of coaat of Bay of 

Baic, iL 32& 
Falloppio on fossils, L 35L 
Falls of Niagara, L 271. 
-— • of St Mary, only outlet to Lake 

Superior, L 399. 
Faluns of Touraine, iv. 1S28. 
, compared to the English crag, iv. 

129, 130. 
-■^f how formed, iv. ISO. 

, fossils of, iv. 1S9. 138. 

Faraday, Mr., on water of the Geyioi, 

L324. 
— — , on slow deposition of mlpbrnte ai 

baryta powder, ii. 87. 
— ~-, on electric currenta in the eaxth, 

iL96& 
-^, on metallic reduction by VoUuc 

agency, iL 371. 
— , on liquefkction of gases, iL S81. 
-.1^, experiments of, on carbcmate of 

lime, iv. 373. 
Faroe islands, deposits forming nesur the, 

UL295. 
Farquharson, Rev. J., on floods In Scot. 

land, LS6& 
Fasano, marine strata near, ilL 484^ 
Faujas on Velay and Yivaraia. 1779, 

L83l 
Ferishta, L 9. 

Ferrara on lavas of Etna, L 367. 
-— on floods on Etna, iL 177. 

on earthquake in Sicily, iL SS8. 

Ferruginous springs, L 30S. 
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F^rusaac, on dliOllmtloii of flreshwater 

mollusGt, iii. 77. 
FetUr, oiftet of lightning on toekt o£, 

1114. 
Fei, eftrthquakM in, ii. 1091 
Fife, coast of, submarine *foreatt on, 

iiSO. 
— , encroachments of sea on, iL SI. 
Findbom, old town of, swept away by 

sea, iL 19. 
FJnoGhio, rock of, iii. 443. 
Firestone of Weald Valley, iy. S36. 
——t terrace formed by, iv. £48. 
Fish, their geographical distribution, 

ill. 78. 
— — , migrations of, iii. 74 

fossil, i. 8Sa i iiL 895i 380. 

Fissures, sulphur, &a ejected by, iL S59. 
caused by earthquake of 1783 in 

Calabria, il SG2. 866. 268. 
—~, cause of the opening and dosing 

of, iL 265. 
^—, preservation of organic remains in, 

iiL2S& 
Fitton, Dr., on history of English geo* 

logy, L 72. 
— , on Island of Timor, iy. 40. 
.»-, on valley of the Weald, iv. «35. 

238. S44i 965. 092, 293, 294. 
— — , on a line of vertical and inclined 

strata from I. of Wight to Boulogne, 

iv.27a 

, on Maestricht beds, iv. 285. 28& 

, on delta of Niger, iv. 31& 

Fiume Salso, in Sicily, iv. 191. 
Flagstones and slates, diflference be- 
tween, iv. 362. 
Flamborough Head washed into caves, 

it 22. 
Fleming, Dr., on uniformity in climate, 

i. 137. 

, on food of fossil dephant, 1 143. 

'•—, on submarine forests, ii. 20. ; ilL 

275. 
^— , on nq>id flight of birds, ilL €9. 
—— , on turtles taken on coast of Eing. 

land, iiL 69. 
^—t on changes in the animal king. 

dom caused by man, iiL ISO. 
— — , on stranding of cetacea, iii. 989. 
— — ., on fossils of the crag, iv. 101. 
— , on efifccts of the deluge, iv. 217. 
FUnders on coral reeft, iii. 898. 301. 

SIS. 
Flint on course of IdOssitiippi, Arc, L 

S7&281. 



Flint on •artta^aket In Mftlisippl val. 

ley, ii. 247. 
Fkxxl, supposed eflRiGts of the, iv. 914i. 

, hypothesis of a partial, iv. 214. 

Floods, bursting of lakes, &e., L 288. 

— in North America, L 289. 

in valley of fiagnes, i. 291. 

in Scotland, L 262.; UL 25a 

>— at Tivoli, i, 294. 

on Etna, iL 177. 

Floridia, limestone of, iii. 409. 
Fluvia, R, ra^nes in lava excavated 

by, iv. 106. 110. 
Foah, advance of delta of Nile near, i. 

350. 
Folkestone, subsklence of land at, iL 41. 
Fontenelle, his eulogy on Palissy,L 38. 
Forbes, Mr., on Bay of Baise, iL 322. 

, on temple of Serapis, ii. 324. 

Forest ridge of Weald valley, iv. 244. 
— -, faults in strata of the, iv. 244. 
, thickness of masses removed from 

the, iv. 272. 
Forests, influence of, iiL 185. 187. 190. 
, sites of, now covered by peat, iii. 

202. 

, destroyed by insects, iii. 195. 

1 submarine, ii. 2a } iiL 274. 

Forfarshire, encroachments qt sea on 

coast of, ii. 19. 

, marMakes of, iii. 282. 322. 

, composition of sec(mdary rocks of, 

iv.384. 
Forio, earthquake near, iL 230. 
Formosa, earthquakes in, ii. 100. 
Forstor, Mr., on coral re^ iiL 298L 
Forsyth on climate of Italy, iL 163. 
Fortis on Arabian doctrine of new ge- 

nera and species, L 23. 
— , views of Arduino conflrmed by, i 

84k 
-— and Testa on fouil flsh of Monte 

Bolca, L 77. 
Fossa Grande, section ef Vesavius seen 

in, UL 433. 
Fossiliaation of organic remains <« 

emerged land, iiL 199. 

in peat mosses, iii. 204k 

in caves and flssures, iiL 293. 

— — in alluvium and landsUps, iiL 219. 

— in volcanic formations on land, iii 
9ia 

^— in subaqueous deposits, ill. 840 
i5& 

by river floods, la 251. 

-— in marl lakes, ilL 856. 
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FottUiMtioD of pUnU Mid Miimab pap> 

tiol, iii.37S. 
FottUs, fpecuUtioiit conoerning their 

nature, L 41. 44, 45. 
, fiyrmerljr all referred to the deluge, 

1.48: 

of the coal strata, L 154w 196. S9& 

-^, dbtinctneM of lecoodary and ta- 

tiary, i. 90fl ; iv. S9a 
, nuunmiferoui of succeHive tertiary 

eras, iii. 401. 
—~. See Organic remains. 
Fourier, Baron, on temperature of 

spaces surrounding our atmosphere, i. 

187. 
— , on central heat, i. tl7. 
— — , on radiation of heat, L S18. 
Foumet, M., on alluvium in ancient 

Assures, iv. 811. 

on disintegration of rocks, iv. 38a 
on mineral veins, iv. 388L 
Fox, Mr., on heat in mines, iL 356, 
— — , on electric currents in the earth, 

11367. 
France, waste of coast (^, iL 50. 

, caves of, ill 235. 

Franconia, caves of, liL 232. 
Frankfort, tertiary strata near, iv. 145. 
Franklin, on a whirlwind in Maryland, 

iii. 32. 
Freshwater formations, species of tes- 

tacea few in, iii. 288. 
— — , secondary, why rare, iv. 320. 
Freshwater plants and animals fossil- 
ised, iii. 281. 285. 
Freyberg, school of, i. 91. 
Fries, on dispersion of cryptogamic 

planU, iiL 34 
Frisi on influence of vegetation, iii. 

185. 
Fryer, Mr., on earthquake in Chili, ii. 

23& 
— , on Isle of San Lorenso, ii. 303. 
Fuchsel, opinions of, 1762, i. 75. 
Funchal, rise of sea during earthquake 

at, ii. 296. 
Fuveau, in Provence, tertiary strata of, 

iv.823. 
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Oabel Tor, volcano of, ii. 110.; iv. 40. 
Galieri, a bed of corals among igneous 

formations at, iii. 418. 
Oambier coral island, iiL 312. 



la 



Ganges, delta of the^ L 3M. 372. 

, its ancient mouths, i. S54. 

— — , inundations of the, L 36a ; 

254. 
, quantity of sediment in waten ni, 

L36S. 
——and Burrampootor not yet ccn- 

pletely united, L S72L 
— — , islands formed by the, iu. ISS. 
— -, bones of men found in delta at, ill 

265. 
Gannat, freshwater limestone of, iv. 16i 
Garachico, in Teneriflte, overwlidmed 

by lava, U. 304. 
Gardner, on destruction of Dunwich by 

the sea, iL 31. 
Gardner, Mr., cited, L 172. 216. 
Garnets, in altered shale, iv. 371. 
Garrinada, hill of, iv. 106. 
Gases, liquefaction of, iL 381. 

evolved by volcanoa, iL 392. 
passage of through rocks. !▼. 379. 
Gaulish Druids, L 2& 
Gault of Weald Valley, iv. 235. 
— ^ valley formed at its out-crop, iv. 

243. 
Gavarnie, cirque of, iiL 438. 

, laminationjof clay.alatenear, iv. 36Bl 

Gay-Lussac, M, on the vilwatian of 

solid bodies, iL 381. 
— — , on agency of water in v^rfcanos, ii. 

392. 
Gefle, upraised shelly deposit near, ii. 

OAO OAA. 

Gemmellaro, on eruption of £ta« in 

1811, iL 174. 

, on ice under lava, IL 177. 

Gemunder Maar, view of, iv. 117. 
Generation, spontaneous, theory of, i. 

37. 
Generelli, on state of geology in Europe 

in middle of 18th century, L 61. 
— — , on efibcts of earthquakes in recent 

times, L 64, 65. 92. 
Geneva, lake of, men drowned above 

Martigny floated into, L £92. 
— , delta of Rhone in, L 3391 asa ; iii 

Genoa, tertiary strata at, iv. 77. 
Geognosy of Werner, L 80l 
Geographical distribution of planti^ iii^ 
24. 

of animals, iiL 48. 54. 

-^i of birds, UL6& 

of reptiles, iiL 70l 

of fishes, UL 73. 
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Geographical distribution of testacea, 

ill 7a 
— >- of coophytes, iii. 82. 
— — of insects, iiL 83. 
—— of man, iii. 89. 
Geography, proofs of former changes in 

physical i. 194. 209. 
— •, effect of changes in, on species, iii. 

144. 

Geolc^cal Society of London, L 103. 

Geological theories, causes of error in, 

1109. 
Geology defined, 1 1. 

— — compared to history, L t 
' , its relation to other physical 
sciences, i. 2. 

— — distinct firom cosmogony, I 5. 

— — considered by Werner as part of 
mineralogy, L 5. 

, causes of its retardation, L4I.96. 109. 

— , state of, in Europe, before middle 
of last century, i. 62. 

-— ^ modern progress of, i. 103. 

Georges Gemund, freshwater strata of, 
iv. 145. 

Georgia, in island of, perpetual snow to 
level of sea, i. 171. 188. 

Gerbanites, an Arabian sect, their doc- 
trines, I sa 

Gerguvia, section of hill of, iv. 199. 

German Ocean, filling up, ii. 81. 

Gesner, John, on organic remains, 1 70. 

Geysers of Iceland, i. 324 ; iL 386. 

, cause of their intermittent action, 

ii. 388. 

Giacomo, St., valley of, described, iii. 
434, 435. 442. 

Gian Greco, fall of cliflb during earth- 
quake, ii. 279. 

Gibraltar, birds' bones in breccia at, iii. 
231. 

, Straits of, iL 66. 

— — , supposed under^;urrent in, it 67. 

Oillenfeld, Fulvermaar of, iv. 118. 

Girard, M., on mud of the Nile, i. 351. 

*-— on former union of Mediterranean 
and Red Sea, iL 8a 

Girgenti, tertiary strata at, iii. 407. 419. 

Oironde, tides in its estuary, iL 76. 

— — , tertiary strata of basin of, iv. 132. 

Glacier, under lava, on Etna, iL 177. ' 

Glaciers, formation of, L 152L 265. 

- — of Spitsbergen, L 168. 

— , transportation of rocks by, i. 265. ; 
iv. 61. 



Glen Roy, parallel roads of, iv. S3. 

Glen Tilt, granite veins of, i. 89. 

— — , junction of limestone and granite 

in, iv. 347. 
Gloger, M., cited, iii. 96. 
Gloucestershire, gain of land in, iL 50. 
Gly, R, tertiary strata, in valley of the, 

iv. 83. 
Gmelin on distribution of fish, iiL 75. 
Gneiss, mineral composition of, iv. 367. 

369L 
, passage of, into granite, iv. 369. 

377. 
— , whence derived, iv. 369. 382. 
Goats, multiplicatitm of, in South Ame. 

rica, iii. 137. 
Godman on migrations of reiih>deer, UL 

62. 
Golden age, doctrine whence derived, i. 

13. 
GoldAiss, Professor, on the greywackl, 

iv. 306. 
Goodwin Sands, ii. 38. 
Goree on new island, iL 209. 
Gothenburg, rise of land near, ii. 341. 
Gozzo degli Martiri, dikes at, iii. 412. 
— — , view of valley of, iv. 7. 
Graah, M., on sul»idenceof Greenland, 

iL346. 
Graham, Mrs., on earthquake of Chili 

in 1822, iL 235u 
Graham Island, ii. 199.; ill. 415. 
— -, views of, see wood.cuts, iL fiOl, 

202. 
, depth of sea from which it rose, ii. 

199. 

-_, arrangement of the ejected ma- 
terials on, ii. 201. 

Grammichele, strata near, iiL 409. 

, bones of mammoth in alluvium at, 

iv.e2. 

Grampians, granite veins of the, iv. 349. 

Granada, tertiary strata of, iv. 84. 

Granite of the Harta, greywack^ slate 
with organic remains found in, i. 83. 

, disintegration of, in Auvergne, i. 

329. 
, junction of limestone and, in Glen 

Tilt, iv. M7. 
, formed at dififerent periods, iii. 

339. ; iv. 350. 
~—~, passage from trap into, iv. 355. 

, origin of, iii. 338. j iv. 357. 

, passage of gneiss into, iv. 369. 377. 

, changes produced by its contact 
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with itrata of Um and ooUte in the 

Alps, iv. 976. 
Gnnite, yeini, their variout fiMrmi and 

mineral composition, 189.; iv.3i5. 

S74. 
Graves, Lieut, on <liiniflioQ of iniecti 

b7 the wind, ia 87. 
Orarei, Mr., on dictrlbution of the bus. 

tard, iil 1^ 
Graves, M., on Valley of Brajr, iv. 897. 
Gravesend, indentations in chalk lilted 

with sand, &c, near, iv. 930. 
Grecian Archipelago, new isles of the, 

L7& 
-^, v<dcaii08 of the, iL lOa 
^— , chart and section of, ii, S07. 
Greece, earthquakes in, iil SS9. 
Greenland, why colder than Lapland, i. 

16i. 
— — , sometimes shaken by earthquakes, 

IL no. 

— , gradual subsidence of, ii. Sifi S84. 
'~~~, timber drifted to shores of, iii. 

Greenough, Mr., on fbssil sheUs from 

borders of Red Sea, iv. 40. 
Greville, Dr., on drift sea. weed, Ui. S!. 
6reywack£ formations, extent of, i. 9dSL 

, fossils of, 1. 195. 

, of the Eifel, iv. 115. 

— — , classification of the, iv. 305. 
Orifone, Monte, caves in, iv. 53, 
Grimaldi, on earthquake of 1783 in Ca. 

kibria, ii. 255. S68. 271. 
Grind of the Navir, passage forced by 

sea in Shetland islands, ii. 15. 
Grosoeil, tertiary strata at, iv. S9. 
Grosse, Dr., on baths of San Filippo, i. 

312. 
Grotto del Cane, L 9S8. 
Guadaloupe, human skeletons of, iii. 

S65. 

, volcanos in, iv. S6. 

Guatimala, active volcanos in, ii. 97. 
— — , town of, swallowed up by earth- 
quakes, il S92. 
Guettard on the Vivarais, i.85. 
Guiana, its maritime district formed by 

sediment of the Amazon, il 85. 
Guidotti, Signor, on Subapennine fossils, 

111386. 
— ^on shells in gypsum of Monte 

Cerio, iv. 68b 
Guilding, Rev. I*, on migration of boa 

constrictor, iil 7S. 
Guinea current, il 



GQldenstftdt, on distinetaeii.of thedoi 

and wolf, 11438. 
Gulf stream, i. 16& ; il 5. 11. i iilSS. 
Gulholmen, island of, gradusUy taak 

11341. 
Gun.barrel, with shdls attscbed,fonDd 

in sands, iil S7Q. 
Gunnell, Mr., on loss of land in Sheppcy. 

1136. 
Gypsum and marls of Paris lia<ia, iv. 

184. 
— , bones of quadrupeds, &c, ui*iv 

190. 
, of St. Romain on the AUier, it. 

167. 

, Subapennine, iv. 68. 

Gyrogonite described, iii. 28S. 



H. 



Habitations of plants described, iil^ 
Hall, Sir J., hu experimenU on ndu, 



i. 
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Hall, Capt B., on Falls of NUgan,' 

271. 
——, on width of Mississippi) I STS- 
—"^ on islands in Missisuppii l^- 
, on drift-wood in Mississippi! i-^ 

361. .^ 

— , on flood in valley of Bagnet, i. »^ 

— , on the trade winds, il 8. 

— , on volcanic eruption in Ticm do 

Fuego, ii. 93. 
•— -^ on temple of Serafns, il S19. 
— — , on isle of Cyclops, iii. 426. 
— — , on parallel roads of Coqviimbo, iv. 

32. 
-.-•, on dikes in Madeira, iv. S8. 
, on veins in the Table Mouotain, 

Cape of Good Hope, iv. 346. 
Hall, Mr. J., on tem^e of Serapis, ii 

319. 
Hallstrom, Col, on rise of land in gui: 

of Bothnia, il 335. 
Hamilton, Sir W., on mass coverici 

Herculaneum, ii. 151. 
, on earthquake of 1783, in Cs]» 

bria, il 256. 27^ 275. 
Hamilton, Sir W., on earthquakes at- 
tending the erupUon of Monte "SvofO, 

U.326. ^ 

^— , on eruption of Vesuvius in ^'^' 

11134.; iv.22. 
Hamilton, Sir Charles, on nboeig^ 

buUdings of Port Royal, ul Sfl& 
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Hampihire, Bnnder onfiwiila oi; i. 7& 
-— , submarine forest on coast of, iu. 

27& 
— — , tertiax7 formations of, iii. 857. ; !▼. 

2g4.£S8,S8ft 
•— , on former continuity of the basins 

of London and, iv. 232, 
Happisborougb, submarine forest of, iii 

274. 
*— , crag strata near, iv. 92. 
Harcourt, Her. W. V. V., on bones of 

mammoth, &c. in Yorkshire, 1 142. 
Haribucht bay, ii. 69. 
Harris, Hon. C, on sunk vessel off 

Poole harbour, iii. 26a 
, on a submarine forest on coast of 

Hampshire, iii. 276. 
Hartmann, Dr., on grejrwack^ fossils in 

granite of the Harts, L 83. 
Hartsoeker on sediment in waters of 

Rhine,!. 562. 
Hartz mountains, 1 83. ; iv. 339. 
Harwich, waste of cliffl at, il 35. 
Hastings sands, their competition, iv. 

235. 

, anticlinal axis formed by, iv. 238. 

Hatfield moss, trees found in, iiL 202. 
Haute Loire, freshwater formation, iv. 

170. 
Headen Hill, section of, iv. 229. 
Heat, laws which govern the diffiision 

of, i. 162. 
——, its influence on consolidation of 

strata, iv. 324. 
Heber, Bishop, on animals inhabiting 

the Himalaya mountains, 1 148. 
Hebrides, volcanic rocks of the, iv. 326. 
Hecla, columnar basalt of, L 84. 

, eruptions of, iL 179. 

Heidelberg, loess and gravel alternating 

at, iv. 46. 
— , granites of diflbrent ages near, iv. 

Heilbronn, loess of, iv. 49. 

Helice and Bura, 'submerged Grecian 

towns, u. 108. ; iii 278. 
Heligoland destroyed by sea, ii 58. 
Helix, range of species of, iii 78. 
Helmet, changes of submerged, iii 271. 
Henderson on eruption of Skaptar Jokul, 

1783, ii 180. 
Henderson's Island described, iii 316. 
Henry, Mr, on absorption of carbonic 

acid by water, iv. 379. 
Henslow, Rev. Prof., on thecowflip, fi 

447. 



Henslow, Bev. Fn>f.,on diffusion of 

plants, iii 40. 
^-i>son changes caused by a dike in 

Anglesea, iv. 371. 386. 
Herbert, Hon. Mr., on varieties and 

hybrids in plants, ii 447. ; iii lOi 
Herculaneum, silence, of contemporary 

historians concerning, ii 11'9. 
■■■ .., how destroyed, ii 147. 
— , objects preserved in, ii 162. 1£7. 
——, stalactite formed in galleries of, ii 

153. 
Herne Bay, waste of cli A in, ii 35. 
Herodotus cited, i 349. 351. 
Herschel, Sir J., on annual quantity of 

light and heat received by the tvto 

hemispheres, i 174. 

, on the sun, i 219. 

— -., on astronomical causes of changes 

in climate, i 219. 
.^, on the trade winds, ii 11. 

, on height of Etna, ii 164. 

, on the lunar mountains, ii 2SSL 

— — , on form of the earth, ii 352. 
— -, on Geysers of Icelaod, ii 388. 
Herschel, Sir W., on the elementary 

matter of the earth, ii. 351. 
Hewett, Capt, on rise of tides, ii 3l 

, on currents, ii. 6. 

-^-, on banks in North Sea, ii. 81. 
Hibbert, Dr., on the Shetland Islands, 

ii 13, 14. la 
— ., on Rhine volcanos, iv. 119. 

, on loess of the Rhine, iv. 48. 61. 

— —, on fossils of Vclay, iv. 149. 

-^, on freshwater deposits in the coal 

strata, i 198. 230. ; iv. 302. 
Hiera, new island, ii 206. 
Highbeach, height of London day at, 

iv. 270. 
Hilaire, M. Geof. St, on uninterrupted 

succession in animal kingdom, ii. 406. 
Hillswick Ness, action of sea on rocks 

of, ii 17. 
Himalaya mountains, animals inhabit. 

ing the, i 14a 
«— — , height of perpetual snow on, i 190. 
Hindoo cosmogony, i 6. 
Hindoo town, buried, iii. 221. 
Hindostan, earthquakes in, ii 110. 294. 
Hisinger, M, on greywack^ rocks of 

Sweden, iv. 307. 
Hodgson, Mr., cited, i 144. 
HoO; Von, on level of Caspian, i 89. 
-— , on Omar, i 30. . 
, on springs near Lake Urmia, i S28. 
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Hoir, Von, on cncrotehments of tea, U. 

61. M. 
•^-^ on gain of land in Red Sea, ii. 80. 

, on earthquakes, iL 10& fSO. 993. 

on buried city of Oojaln, iL S4fiL 
on human remains in delta of 

Gangei, lii. S65. 
— — f on a buried ireMel, iiL 867. 
Hoffknann, SI, on new island in Medi. 

terranean, iL fiOa ; iiL 415. 
— — , on elevation craters, iL 222. 
— , on Sicily, iiL 412. ; Iv. 52. 54. 
— — , on agency of subterranean gases, 

iv.380. 
Holbacb, his theory, 175a, L 57. 
Holdemess, marine strata of, iv. 88. 
Holland, inroads of the sea in, ii. 55. 
— — , submarine peat in, iii. 28& 
Hohn sand, near LowestoflT, iL aO. 
Homer, cited, L S5(X 
Honduras, recent strata of, iv. 37. 
Hooke, bis " Discourse of Earthquakes,** 

L46. 
— — on distribution and duration of 

species, L 47, 48. 
•«— onearthquakes,L5a; iL 302. 305.327. 
—•on the deluge, L 50. 
Hooker, Dr., on eruption of Skaptar 

Jokul, IL 180. 
— , his view of the crater of the great 

Geyser, IL 387. 

, on drifting of a fox on ice, iiL 196. 

Hordwell, loss of land at, iL 45. 
Hornblende schist, altered clay or shale, 

iv.383. 
Homer, Mr, on sediment of Rhine, L 

362.; iv.47. 
— , on geology of Lower Rhhie and 

Eifel, iv. 115. 124. 
Hornitos, on Jorullo, account of, iL 188. 
Horsbui^h, Capt, on icebergs in low 

latitudes, L 173. 
— — , on delte of Ganges, L 356. 
— •, on coral islands, iii. 302. 312. 
Horses, wild, drowned in rivers in South 

America, iii. 253. 
Honfield, Dr., on earthquakes and erup- 

tions in Java, IL 252. 293. 
-~— , on distribution of M ydaus mellceps 

in Java, IIL 60. 
Horticulture, changes in plants pro- 
duced by, ii. 443. 
Hugi, M., on altered secondary strata 

in the Alps, iv. 377. 
, on modem granite In the Alps, iv. 

351 . 



Human remains, cbangn in buritd, iii 

SS6L 
— ^, in peat-mosses, iiL 805l 

, in caves, iiL 227. 2Sft 834 

, their durabUity, L 241. ; u1. 963. 

in delta of Ganges, iiL SG5. 

— — in calcareous rock at Gusdalonpe, 

ilL265. 

— in breccias in the Mores, iiL 927. 
Humber, warp of the, L 373. ; il 79. 
— — , encroachment of sea in its otiun, 

iL23. 
Humboldt on laws which regulate tiie 
diffusion of heat, 1. 162. 

— on distribution of land sod lO, i 
189. 

-^ on transportation of sedlmcBt b; 

currents, ii. SSL 
■— ^ his definition of volcanic action, ii- 

91. 

— on mud emptions in the Anda, iL 
96. 

—— on eraption of Jorallo, IL 187. 
— — on earthquakea, iL 846. 851. S53. 
— — on distribution of spedet, iiL £1- 

28L50. 
— — on migrations of animals, iiL 6% K. 

134 

on Teneriffb, ii. 301 

on the depression of alargepa'^o^ 

Asia, below the level of tbe aea, io 

871. 

, cited, L la 14i. 16a 

Humming-birds, distribution, &c uLCT 
Hungary, tertiary formations of, iv. W 

144. 
— — , volcanic rocks of, iv. 153. 
«Hunstanton, its cliffk undemined, iL 

84. 
Hunter, John, on mule animals, ilL !■ 
Hunter, Mr., on buried dty of Ov^ 

iiL 215. 
Huron, Lake, recent strata of, iiL 283. 
Hurricanes connected with esrtbquaktti 

UL220. 

, plants drifted to sea by, iiL t47. 

Hurst Castle shingle bank, IL 45. 
Hutchins on a landslip in Donettbin 

iL46. 
Hutchinson, John, his ** Moses's Tn> 

cipU,- 1724, i. 57. 
-— , on Woodward's theory, L 57. 
Hutton, first to distinguish ta(««e° 

geology and cosmology, i. 5l ^• 

— on igneous rocks, i, 89L 
— — on granite, L 89. 
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Hutton repreflented oldest rocks as de> 

rivatives, I 91. ; iv. 3St&. 
Hutton, Mr. W., on foMil plants of the 

coal strata, L 197. S26. 
, on A-eshwater strata of the coal 

period, It. 302. 
Huttonian theory, l 8& 9L M. lOa 
Hybrid races, Lamarck on, ii. 416. 

animals, ill. 1. 

— - plants, iii. 5. 

Hydrogen, deoxidating power of, ii. S71. 

, why not found in a separate form 

among volcanic gases, it 38S. 
Hydrophytes, distribution of, iii. 29. 9& 
Hjrpogene, term proposed m a substitute 

for primary, iv. S85. 
— ^ formations, no order of succession 

in, iv. S87. 
rocks, their identity of character 

in distant regions, iv. 388. 
produced in all ages in equal quan. 

titles, iv. 390. 

, their relative age, iv. 990. 

— , volume of, formed since Eocene 

period, iv. 396. 
Hythe, encroachments of sea at, ii. 42. 



I. 



TantMna fragih's, its range, &c., iii. 77. 

fee, animals imbedded in, 1 152. 

^— , predominance of, in Antarctic 

circle, i. 170. 
— , formation of field, L 186. 
^, transportation of rocks by means 

of, L 265. i ii. 334. ; iv. 60, 61. 
— ^ jointed structure of, iv. 366. 
cebergs, formation of, i. 152. 168. 
— , disUnce to which they float, i. 173. 

267. 
-— , plants and animals tranqwrted by, 

iii 96. 61. 
— , rocks transported by, i. £66L ; Ii 

33^} iT.6D,6i 

celand, geysers of, i 924. ; ii 386. 
— , volcanic region of, iL 110. 
•— , Toleanic eruptions in, ii 179. 
— , comiKirison between the lavas of 

Central France and, ii 182. 
— •, new laland near, iL 180. 196. 
— , elevation and subsidence in, ii 

904. 

— , polar bear drifted to, Ui. 124. 
dienne, volcanic mountain of, iv. 191. 
gloolik, Ibasib of, L 159. 



Igneous action. See Volcanic. 

Igneous causes. See Book iL 

—— , the antagonist power to action of 
running water, i 255. ; ii. 396. } iii 
183. 

Iguanodon, fossil in Wealden and Kent- 
ish rag, iv. 297. 

Imbaburu volcano, fish ejected from, ii. 
96. 

Imbedding of organic remains. See Fos- 
silisation. 

Imperati, theory of, 1590, i. 38. 

India, Central, buried cities in, iii. S15. 

Indus, recent changes in delta of, ii. 
237.; iii 274. 28a 

-—, sections of the new.raised land 
formed by, ii 240. 

Indusial limestone of Auvergne, iv. 165. 

Inkpen Hill, highest chalk in England, 
iv. 272. 

Inland cliff, near Dax, iv. 136 

— -, on east side of Val di Noto, iv. 8. 

Inland seas, deltas of, L 510. 

Insecte, geographical distribution of, iii. 
83. 

, migrations of, iii. 84. 

-^, certain types of, distinguish par- 
ticular countries, iii. 85. 

, their agency in preserving an 

equilibrium of species, iii 110. 

, fossil, iii 249. j iv. SS3. 

Instincts, migratory, occasional develop- 
ment of, in animals, iii. 57. 

, hereditary, ii 453. 469. 

— , modified by domestication, ii 437. 

Insular climates, description of, i 165. 

Invemess.4hire, inroads of sea on coa»t 
of, ii 19. 

Ionian Isles, earthquake in, ii £87. 

— — , new island near, ii SSI. 

Ippolito, Count, on earthquake of 1783, 
in CaUbria, ii 25& 

Ipsambul, buried temple of, iii 211. 

Irawadi, R., siUcifled wood of, noticed 
in 1692, i 48. 

— — ', recent discoveries of fossil ^"imals 
and vegetables, i 48. 

,it8 supposed petrifying power, i»5. 

Ireland, rise of sea, during Lisbon earth- 
quake, on coast of, ii 29& 

, reptiles of, Ui 71. 

, its fiora little known, iii 71. 

— , peat of, and fossils of peat in, Ui 
20a205.207. 

-^, deposits in progress off coast of, 
iU.S91 
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Iif land, roeks altered by dikM in, iv. 573. 
Iron, melting point of, iL 358. 
— in wood, peat, fta, iiL SO*. 
-»• inttnimenls, taken up flrom sea, 

iU.86a 
Iitlab, R., fbtaXL bonei on banks of, L 

145. 
Inring, Mr. W., on migratiottf of the 

bee,iii.8d 
Ischia, recent fbnili of« L 137, ; (▼. 86. 
— , hot springs of, L SS5. ; ii. 990. 
— , eruptions and earthquakes in, ii 

114. ISS. 830. 
— — , volcanic conglomerates forming on 

shores of, iii. 417. 
— — , conflguratiim of, how caused, UL 

3ia ; iv. 87. 
Islands, Tegetation of small, L 191. ; 

iiL 87. 102. 
—.animals in, i. 199. ; iii. 52. 
-^, in the Mississippi, i. 880l 
— , fonned by the Ganges, i. 356, 357. 
— ^ migrations of plants aided by, ill 

36. 
—^, new volcanic, i. 75. ; iL 180. 198, 

199. 248. 895. 
— ., coral, ilL 896. 

, of drift-wood, iii. 68. 

Isle of Bourbon, volcanic eruptions in, 

iv.357. 
Isle of Cyclops, in bay of Tressa, iiL 484. 
— — , contortions in strata of, iiL 486L 
, lavas of, not currents ft-om Etna, 

UL488. 
— — of France, alternation of coral and 

Uva in, iii. 315. 
— » of Palma, description of, iL 213. 
—^ of Purbeck, line of vertical chalk 

in, IL 45. ; iv. 873. 

of Wight, geology of the, iiL 357. 

— ^ fSdl of one of the Needles of, iv. 

100. 

freshwater strata of, iv. SS8. 
mammiferous remains of, iv. 299. 

876. 
-ii-., Tertical strote of, iv. 966. 878. 
— — , action of the sea on ][ts shores, ii. 

44. 
'Ixonso, R., ddta of the, i. 346. 

, its present mouth several miles 

from its ancient bed, L 348. 
•.«-, conglomerate formed by the, L 348. 
Isothermal lines, Humboldt on, i. IGS. 
Isthmus of Sleswick, action of sea on, 

iiL 59. 161. 



Italian geologists, their priority, I & 

of the 18tb century, 1 58. 

Italy, tertiary strata of, L 5& 1&) u^ 

367.386. 
— , volcanic rocks of, !▼. 102. 



J. 



Jack, Dr., on island of PubKisi,if^ 
Jackson, Col., on jirinted stnctne o: 

ice, iv. 366. 
Jahde, new estuary of, ii. 59- 
Jamaica, earthquakes in, iL 96.din-&* 
— , subsidence in, iL 907.; iii- 1^ 

272L278. 
, rain diminished in, by ftO>>« ^ 

foresU,iiL 187. 
.a town swept away by lesi 

, fossil shells of, iv. 37. 

James, Mr., on bisons In WtasV^ 

Valley, ia 56. 
Jampang, village engu1phed,iL 8S& 
Jan May«i*s Island volcanic, ti-H^ 
Japan Isles, earthquake in, U. 9SS. 
Java, number of volcanos in, it 101- 
-— , earthquakes in, IL 251 89& 
——t subsidence of volcano of P"!*''' 

dayang in, iL 29a ; iii. 447. 
— — , vegetation destroyed by W nl- 

phuric water from a moonUis i^^ 

191. 
Java, river.floods in, iL 304 ; »>■ ^ 

254. 
Jesso, volcanos in idand of, S. lOd 
Jobert, M., on extinct qqsdii?>e* » 

Mont Perrier, iv. 149. 
— , on hill of Gergovia, iv. 1S9> 

, on Auvergne alluviaiDi,iv.fl(^ 

Johnston, Mr., on einking of «»»«•<" 

of Lake Maeler, a 338. 
Jointed structure In rot^ iv- ^• 
Jones, Sir W., on Menftl !»«*«** 

L& 
Jorio, Andrea de^ on Teupieof Scnp^ 

iL 319. 385. 
Jorullo, eruption of, ii. 97. 136. 

, its height. Sec, iL 187. ; i^- ^>- 

Juan Ternandei, iiL 137. 
Jura, Saussure on the^ L 79L 
— — , relative aige of the, L 906. 

, erratic Wodis of the, *▼• » ^^ 

Jutiand, itt northern part con»««J*^ 

a time into an isUnd in MSS, *■» 
— , inundaHona in, iL 66. 
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Kaiserstuhl, volcanic hills in plains of 

the Rhine, iv. 45. 
Kamtschatka, active volcanos in, ii. 99. 
—— , subsidences and elevations in, ii. 

304. 

, new island near, 11. S48. 

Kander, R., delta of, in lake of Thun, 

iv. 82. 
Kangaroo giving way in Australia, iii. 

133. 
Katavothrons of plain of Tripolitza fill- 
ed up with osseous breccias, iii. £27. 
Karwini on changes in position of land 

and sea, i. 31. 
Keferstein, M., on Fuchsel, i. 75. 
Keill refutes Burnet's and Whiston's 

theories, i. 57. 
Keith on dispersion of plants, iii. 34. 
Kent, loss of land on coast of, ii. 35. 
Kentucky, caves in limestone, iii. 224. 
Kerguelen's land, quadrupeds in, i. 199. 
Killas of Cornwall, iv. 375. 
Kimmeridge clay, ii. 46. 
Kincardineshire, village in, washed 

away by sea, ii. 19. 
King, Captain P., on currents in Straits 

of Magellan, iL 6. 
—— , on coral reefs, iii. 301. 313. 
King, Mr., on cattle lost in bogs in Ire- 

land, iii. 207. 
— — , on submerged cannon, iii. 869. 
Kingsclere, valley of, iv. 259. 
Kinnordy, Loch of, insects in marl in, 

ui. 249. 
•— , canoe in peat of, iii. 268. 
Kirby, Rev. Mr., on insects, iii. 12. 84. 

87. 114. 116. 
Kirwan, his 6e<dogical Essays, L 98. 
on connection of geology and relU 

gion, I 98. 

on age of deltas, i. 338. 

Knight, Mr., on varieties of fhiit trees, 

ii.445. 
KOlreuter on hybrid plants, iii 5. 
K6nig, Mr., on rock in which the hu. 
man skeletons from Guadaloupe are 
imbedded, iii. 265. 

, on fossils from Melville Island, i. 

155. 
Koran, cosmogony of the, i. 30. 
Koflsa, cited, i. 31. 
Rotsebue on drifted canoe, iiL 92. 
— ^ OD'Ooral islands, iii. 300. 
Krantz on migrations of seals, iu. 66. 



KupflTer, M.,'on increase of heat in 

mines, ii. 356. 
Kured, upraised shelly d^KMits of, ii. 

343. 
Kurile Isles, active volcanos in, ii. 100. 



Laach, lake-crater of, Iv. 119. 
Labrador, drift-timber of, iii. 246. 
Laccadive Islands, iii. 302. 
Lac§pMe on Egyptian mummies, il 441. 
Lagoons, or salt lakes in delta of Rhone, 

LS44. 
— of coral islands, iii 310. 
LaguUas current, i. 165. 
Lahn, valley of the, iv. 46. 
Lake Aidat, how formed, iv. 813. 
Lake Erie, see Erie, lake. 

of Geneva, see Geneva, lake of. 

Maeler, ii 338. 345. 

Mareotis, i. 350. 

Superior. See Superior, lake. 

Lakes, bursting of, L 288. 291. 

, filling up of; L S33w 336. 

— — formed by landslips in Calabria, iL 

277. 
, formation of in basin of Missis. 

sippi, i. 286. 
.— — formed by earthquakes, ii. 247. 269. 

277.308. 

, arrangementof deposits in,iii.3S4 
L' Altar volcano, iL 95. 
Lamarck, .his definition of species, ii. 

407. 
.— — on transmutation of species, iL 407. 

442. i iu. 155. 161. 
~.— on conversion of the orang.outang 

into the human q)eoies, iL 4£1. 
^^ on abundance of polyps, iiL 171. 
.— — on fossils of Paris basin, iv. 64^ 
La Motta, in SicUy, iiL 4S3. 429. 
Lamouroux on hydn^hytes, iii. 99. 
Lancashire, submarine forests on coasts 

of, iL 50. 
— , fbssil canoes in, iiL 267. 
—m, tertiary strata of, L 811. ; iv. 39, 
Lancerote, volcanic eruptions in, iL 192. 

197. 
Land, irregular distribution of, i. 1891 
— , quantity of, in nortihern and 

southern hemispheres, L 172, 189. 
—'^ proportion of sea and, L 316, 
, elevation of, how caused, iLdSSL i 

iv. 4. 
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Lftoden oa delto of Niger, It. S1& 
Landei, tertiary itrata of the, ir. 136L 
Landguard Fort, warte of the point on 

which it stands, ii. S4. 
Land-shells drifted to the sea by rivers, 

iii 388. i It. 47. 
LandsUps, iL 47. 978. S74. fl7& 906. 
^— Imbedding of oiganic remains by, 

iil.28S. 
^^ Tillages and thetr inhabitants bu- 
ried by, uL 888. 
Langsdorf on new island, ii. 100. 348. 
Languedoe, deposits on coast of, i. S45. 
Lapidifying Juice, LJd 
Laplace on change in the earth's axis, 

L5& 
— on mean d^th of Atlantic and Pa. 

cific Oceans, L 18a 
— ^ proved that no contraction of the 

globe had taken place for 8000 years, 

I. 217. 
— — on mean density of the earth, ii. S55. 
Lapland, why milder than Greenland, 

i.l6«k 
.— -, migrations of animals in, iiL 57, 58. 
Larivifere, H, on drifting of rocks by 

ice, I Sf>7. 
La Roche, section of hill of, !▼. 161. 
Las Flanas, laTa current of, !▼. 109. 
Latham on range of birds, ilL 68. 
Latitude influences climate, L 17L 
Latreille on distribution of insects, ilL 84. 
La Trinitk, fossil shells of. It. 8a 
Latta, Dr., on glaciers of Spitabergen, 

L 16& 
Lauder, Sir T. D., on floods in Scotland, 

L 863l i Ui. 5& 819. 85a 863. 
— — ^ oa parallel roads of Glen Roy, iv. 

33. 
Laureana, ravines filled near, iL 877. 
Lava, excavated by rivers, L 868. ; iv. 

10& 109. 906L 

efltetsof deconqporition on, iL 148. 
flowing of, under water, iL 145. 
a bed of oysters between two cux^ 

renU of, UL 41& 
—.'and coral alternating, iiL 315. 

, minerals in cavities of, iiL 488. 

-^, vdns oL See Dikes. 

.—., length of time which it requires 

to cool, iv. 357. 
— — ., solid externally while in motion, 

iiL 43a 
— . and aUuvlum of diffeient ages in 

Auvergne^ iv. 80& 




Lava of Iceland and Central Raiicc,iL 

188.184. 
, comparative volume of uciai 

and modem, IL 185. 
, pretended distiDCtion between u- 

cieiit and modem, ii. 195. 
— i-, mineral composition of, il 8S3. Si 
La Vissiire Ibnestone, iv. fiOSi 
Lawrence on cauites which eoaUe bis 

to live in all dimates, iii 17. 
Lasxaro Mora See Mora 
Leeward Islands, geology of the,iT£ 
Le Grand d'Aussi, M, on AuTetgoe. 

iv. 8ia 
Lehman, treatise of, 1759, L 70. 
Leibnits, theory of, L 45. 
Leigh on fossil canoes, iiL S67. 
Leith Hill, height of, iv. S43. 
Lemings, migrations o^ ill 58. 
Lena, R., fossil bones on Unki o^ i^ 

145,146. 
Lentini, limestone near, ill 417. 
— — , valleys near, their origiii, U. Id 
Leonhard, M., on loess of Ibe RliiiK,i« 

45.51. 
, on volcanic district of I^ 

Rhine, iv. 186. 
, on granites of different aid, >< 

350. 
Lesbo^ Antiasa joined to by ddti, L I^ 
Lewes, human bones in tmnulu* >■'■'' 

iiL8d& 
— , estuary, of the Ouse reccodj Od 

up near, iiL £86L 

Levels, UL €491 

, fissures in chalk filled with iw 

near, iv. 831. 
— -, ravhie called the CoodI) mu.W 

851. 
—— , fkult near, Iv. 855. 
Le]rbros, limestone o^ iv. 73. 
Leybucbt, bay of, iL 59. 
Lias, strata of the, iv. 8991 
^— altered by tnq> dUie sod by P*^ 

iv. 373. 377. 39L 
Lioodia, basalts of, UL 4891 
Liege, caves near, UL 8S9L 
Light, influence of on plaoti, L 15& 
Ughtning, efflBct of in Shetlsod Iilu^ 

ILK 
Lignite, conversion of wood into, 'A» 
Lbna destroyed by earthquake, iL » 
, vaUey of, prooft of Us wef*"* 

rise, iv. 38. 
Umagne d'Auveigne; .SerAi***** 
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limbuif , loMs near town of, It. 46. 

limestone, origin of, iii. 961. 

linoobuhire, incuniona of the lea on 
coast of, iL 24. 

lindley, Mr. J., on fossil plants of Met- 
TiUe Island, L 155. 

— — , on effbct of light on plants, i. 155. 

— — , on fiossU plants of the coal strata, 
I.SS& 

->*— , on number of plants, liL 170. 

— — , on dispersion of cr:^togamic plants, 
iii. 34 

Linnaeus on filling up of Gulf of Both- 
nia, ii. 333. 

—— on constancy of species, ii. 407. 

•— * on real existence of genera, ii. 4S7. 

on diflUsion of planU, iii 39. 43. 

— ^ on introduction of speaes, iiL 96. 

cited, iii. 110. 

Lionnesse, tradition in Cornwall, iL 
49. 

Ldpari Islands, rocks altered by gases in, 

Lippi on destrucUon of H^rculaneam 

and Forapeii, ii 148. 
Lipsius, L sa 
Lisbon, earthquakes at, ii. 109. 295.; 

iilSTSL 
Lister the first to propose geological 

maps, i. 45. 
— . on fossil shells, i. 45. 
Lloyd, Mr., on rdatire levdi of Atiantic 

and Pacific, iL 6S. 
Lloyd's List, number of wredted Tessels 

as shown by, iiL 863. 
Daehead on gain of land on coast of 

Guiana, ii. 85. 
Loch Lomond, agita^n of its waters 

during Lisbon earthquake, iL 897. 
Lockart, M., on fossils of the Orleanais, 

iv.isa 

Locke on Whiston's theory, i. 57. 
lAicusts, derastationa by, iiL 11& 
_— ^ bank formeil in sea by, iiL 117. 
Loess of the Rhine, !▼. 44. 
Lofflredo cited, iL 384, 385. 
Loire, tertiary strata of the, IiL 8G0. ; 

iT.188. 
London basin, tertiary deposits of, L 

309 J HL357,; iv. 884. 
-^, on fbrmer continuity of Hampshire 

and, iv. 838. 
clay, its fossils, composition, thick. 

ness, &C., L 835. ; It. 887. 
Long, Mr., on earthquake at New Hb^ 

drid,U.848. 

VOL. IV. 



Long Point peninsula cut through by 

Lake Erie, ii. 64. 
Lough Neagh, supposed petrifying power 

of, L 385. 
Louis de F<hz, iL 76. 
Louisiana, Lower, marine strata of, i. 

888. 
Lowe, Mr., on shells of Madeira, iii 79. 
Lower green-sand described, iv. 835. 
Lower Rhine. See Rhine. 
Lowestoff, current off the coast of, ii. 30. 

Ness, description of, ii. 30l 

—— , diflb, undermined near, iL 31. . 

Lowland of Siberia, L 149. 814 

Lubbock, Mr., L 180. 

Lubeck, iL 3S3. 

Lucina divan'cata, wide geogri^hical 

range of, iii. 394 ; ir. 193. 
Luckipour, ita inhabitanta awept away 

by the Ganges, L 359. 
— i-, new islands formed near, L 358. 
Luckput, subsidence near, iL 838. 
Ludlow rocks, fossils of, L 289. 

classification of, ir. £S3, 884. 306. 

Luleo, gain of land at, L 341. ; u. 334 
Luy, tertiary stata of, iv. 1&. 
Luxon, active volcanos in, iL 100. 
Lytrian sands, caravans overwhelmed 

by, iiL 21SL 
Lyme Regis, waste of cliA at, iL 47. 
Ljrm.Flord, a breach made by the sea 

into, iL 59. 
Lyon, Capt., on imbedding of camels in 

African sands, iiL 818. 



Bfaars, or lake-craters of the Eifel, iv. 

117, 118. 
Maeculloch, Dr. on gradation from peat 

to coal, iiL 80a 
— — , on origin of limestone, iiL 381. 
— , on parallel roads of Glen Roy, iv. 

33. 
— — , on Subapennine strata, iv. GB. 
— , on granite veins, iv. 345. 
— — , on junction of granite and limfr> 

stone in Glen Tilt i«. 347. 
, on granitic rocks, ir. 349, 350. 355. 

877. 
— , on trap rocks, iv. 354. 
Macedonia sulqect to earthquakes, ii. 

109. 
Macgregor, Mr., on earthquakei in Ca. 

nada,U.851. 
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Mackeniie, Sir G., bU nqnioied lectkn 

or the pipe of a Oeywr, iL 390. 
— — , OD rdndeer In Iceland, iU. 1S7. 
Mackenxie, &, drift-wood of, L 158. ; iiL 

S4S. 
*— , calcareoai formation near its 

mouth, L 196. 
Maclaren oo quantity of uieAil toil in 

America, ia 139. 
, on podtion of American foretti, iii. 

18& 
Maclure, Mr., on coral and lava in 

Wefft Indies, iii. 315. ; iv. 36. 
^^ on volcanic district of Olot, iv. 104. 
Macmuido^ Captain, on earthquake of 

Cutch, IL 837. S4S. 
Madagascar said to contun active voU 

canos, iL 110. 
^^ extent of coral near, iii. SOL 
Madeira, iL 110.; iv.37. 
Maeler, lake, iL S3& 345. 
Maestricht beds, fossils of, iv. S85. 
— , chasm between Eocene and, iv. 

S8& 
— , shells common to the chalk, green- 
sand, and, iv. 285. 
Magellan, Straito of, currents in, iL 6. 
Magnesia, deposited by springs, L 311. 
Magnesian limestone and travertin com- 
- pared, L31& 
Magnetism, terrestrial, phenomena of, 

iL367. 
Magnan, R.« section in valley of, iv. 79. 
Mahomet, his cosmogony, L 31. 
Majoli, opinions of, L 37. 
Malabar, coral near, ilL S0£. 
Malaga, tertiary strata of, iv. 84. 
Malcolm, Sir J., on buried cities in Cen- 

tral India, iiL 21& 
Maldives, chain of coral islands, iii. 301. 
Mallet, Captun, on petroleum of Tri. 

nidad, i. 330. 
Malpais, theories to account for con. 

vexity of the plain of, U. 187. 211. 
Malte-Brun cited, L 164. 177.; iL 59.; 

iii. 6a 74. 92. 97. 213. 246l 254 
Mammalia, differrat regions of indi. 

genous, iiL 48. 
.—. , fossil, importance of remains of, 

iiL380.; iv.52. 
^.^^ of successive tertiary periods, iiL 

401. 
^ remidns of, rare in the older rocks, 

iv. 317. 
Mammoth, climate, &c., probably r&> 

qmred by the, i. 141. 



Mammoth, bones o^ in Yoilahixe, L 142. 

, in tufii near Rome, iv. 43L 

Man, unfavouraUe position of, for otv 

serving changes now in progresa, i. 

118. 
, recent origin of, LSa9.; iii. 138. 

278. 
, remarks on the supetiovity o^ i. 

942. 
— , causes whidi enable him to live in 

all climates, iiL 17. 
— — , his agency in dispersion of i^ants 

and animals, ilL 4i2L S5. 
— — , diffusion of, iii. 89. 

, probable birtfa.place of, ill 89. 

, changes caused by, i. 847. ; iiL 127. 

187. 
-^, durability of the bones o^ i. S4i. ; 

iiL 265. 
— — , remains of, in osseoua breotiaa of 

the Morea, iii. 227. 
— , his remams and worka fiiasilised, 

iiL 254. 258. 
Manetho, L 112. 
Manfredi on sediment in river water, 

L362. 
Mansfeld, fossils of, iv. SOL 
Mantell, Mr., on bonos fktnn Saxon tu- 
mulus, iiL 2361 
— , on Lewes Levels, iiL 24& 286. 
— — , on fbusll shells of the crag, iv. S£ 
— — , on tertiar>- outliera on ^'h^fc^ jr. 

931. 
—— , on the Weald VaUej, iv. 23S.^. 

348.293. 
• on ** elephant bed** at Brecon, 

iv.274. 

on fossils of the chalk, iv. SBd. 
on fossil forest of L of Portland, 

iv. 295. 
—— ^ on a fkult in the cUffLhiUs nai 

Lewes, iv. 255. 
Manwantaras, oriental cycle of ages, L 7. 
Maracaybo, lake, iL 246L 
Marble deposited from springa, L 3BS. 
Marculot, limestone of, iv. 165l 
Marienforst, blocks of quartz, wtth cam 

of shells near, iv. 125. 
Marine alluviums, iiL SSOl 
Marine testacea, range ot, iiL 38Sl 
Marine and fVeshwater sttsta, alter. 

nations of, iiL 287. 
Marine deposits, imbediUng of ii»l> 

water species in, iiL 288. 
Marine deposits, contain in genenl a 

great variety of species, iiL S8&. 
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Mtirine plaints and animals, imbedding 

of remains of, ill S88. 290. 
Marine vegetation, UL 29. 36. 
Maritime Alps, conglomerates fonning 

at base of, L S71. 
—— , tertiary strata at base of, iv. tS. 
Marl-lakes of Scotland, anhnals and 

plants fossilised in, iil 25a 282. 
Marsilli, on arrangement of shells in 

Adriatic, 1 63. 66. 
— — , on deposits of coast of Languedoc, 

1345. 
Marstrand, island of, iL 341. 
Marsupial animals, distribution of, iii. 

50. 
— — , in breccias in Australian caves, 

iv.56. 
Martigny destruction of, by floods, i. 

293. 
Martin, Mr, on Valley of the Weald, 

iv. 291. 
— — , on transverse valleys of North and 

South Downs, iv. 251. 
~<,on thickness of strata removed flrom 
summit of Forest ridge, iv, S71. 
if artinique, subsidence in, it 304. 
iartin Meer, fossil canoes in, iil 267. 
fartius, on drifting of animals by the 
Amason, HL 63. 
-— , on Brazil, iil 129L 
Maryland, whirlwind in, iii. S3. 
[ascalucia, subsidence near, iii. 448. 
[athers, village of, swept away by seat 
11. la 

:atHda coral island, ilL 312. 
attani on fossils of Volterra, 1. 59. 
attioli on organic remains, L 36. 
ayence, tertiary strata of, Iv. 144^ 
ayer, M ., on mineral veins, iv. 382 
ayne. Valley of the, iv. 46. 
edesano, lignite at, iv. 68. 
editerranean said to have burst 
through the columns of Hercules, L 
24. 

— , microscopic testacea of, 1 77.' 
-^ deposition of salt in the, iL67. 
-, its former union with the Red 
;ea, ii. 83. 

-, new ialand in, ii. 199L 
-, organic remains of, iii. 349. ; iv. 
31. 

-, shells drifted into, ill 382L 
-, iU temperature, depth, level, Ac., 
78.348.; H.fi7.69. 317. 
away, transverse valley of the; iv. 
51. 



Meerfklder Maar described, iv. 119. 
Megalosaurus Buckltmdu iv.296k 
Melania mquinata, iii. 354 
MeliUi, circular valley near, iv. 7. 
— , inland cliffb near, iv. 8. 
Melville Island, fossils of, 1. 155. 
— , migrations of animals into, iii. 62. 
Mendip hills, caves of, in. 231 
Menu*s Institutes, L & 8. 
Mercati on organic remains, L 36. 
Meidogne, marls intersected by a dike 

near, iv. 199. 
Mersey, vessel in bed of, iii. 2^. 
Mese, formerly an island, L 343. 
Messenia, conglomerate of, iv. 288. 
Messina, ebb and flow in Straits of, 

U.2. 

, earthquake at, il 261. 279l 

Mesua Collis described by Pomponius 

Mela, L 34a 
Metallic nucleui, theory of an unoxid- 

ated, il 370. 
Metallic substances-ch'anged by submer. 

sion, 111269. 
Metamorphic, the term proposed and 

defined, iv. 38a 

rocks of the Alps, iv. S7a 

— i-, sometimes pass into sedimentary, 

iv. 388. 
— , in what manner their age should 

be determined, iv. 391. 
— — ., why those visible to us are fbr the 
. most part ancient, iv. 2&L 
Hethone, eruption in, ii. 108. 
Metshuka, hiU of, il 294. 
Meuse, valley of the, I 260. 
Mexico, tides in <}ulf of, 1. 360. 
— , volcanic chain extending through, 

1197. 
Meyen, Mr., on earthquake in Chili, 

\%n, ii. 233. 
Mhysir, buried city, iii. 217. 
Micaceous schist, whence derived, iv. 

382. 
Michel] on cause and phenomena of 

earthquakes, 1760, 1 72. 
— , originality of his views, I 72. 

— op the geology of Yorkshire, 1. 72. 
on earthquake at Lisbon, il 109. 

298. 
— — on retreat of the sea during earth, 
quakes, ii. 299. 

— on cause of the wave.like motion 
of earthquakes, il 979. 

Microscopic fossil shells of Sienna, iv, 
74. 
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Micitneopic fo«U iheHt of the Crag, ir. 
87. 101. 

of Paxil basin, tee plate, iv. 189. 

Migratiooa of animals, iii. 57. 

— — of cetacea, iiL 65. 

of birds, iiL 6& 

of fish, iU. 7a 

.^ofinsecto, iii.83. 

Migratory powers indispensable to ani- 
mals, iil 148. 

Mileto, subsidence near, it 275. 

Milford Haven, rise of tides at, u. 3. 

MilioUte limestone, iv. 189. 

Millennium, i. 34^ 5«. 

Milo island, solfaUra in. iL 108. 

Mindinao in eruption, 1784, ii. 100. 

Mineral waters, their connection with 
▼olcanic {Aenomena, i. 304. 

-.—, ingredients most common in, i. 

307. 
Mines, heat in, augments with the 

depth, iL 3.^6. 
Miocene period, term whence derived, 

iu. 392. 
— -, proportion of living species in fossil 

sheUsofthe,iiL392. 
— ^, mammtferous remains of^ ui. 401. 
— ->, marine formations of, iv. 127. 
«— , ft-eshwater formations of, iv. 15a 
— , volcanic rocks of, iv. 153^ 

, alluviums of, iv. 147. 

Mirambeau, red clay and sand of, iv. 

135. 
Mismer, crag strata near, iv. 93. 
Mississippi, its course, depth, velocity, 

&C., i. S77. 281. 
, drift.wood of the, L 280. 361. ; UL 

aa245. 

...-., earthquakes in valley of, L S87. } 

<L96.S46. 

, delta of, L 360. 372. 

Missouri, its junction with the Missis- 
sippi, i. 278. 

Misterbianco, valleys of, iii. 4S3. 

Mitchell, Dr., on waste of cUA, ii. 35. 37. 

Mitchell, Major, on Australian caves, 
iv. 56. 

Mltscberlich, M., on minerals found in 
Somma, iv. 19. 

Modern causes, remarks on the term, 

iv. 277. 
Molasse, iU place in series of tertiary 

formations not yet known, iv. 140. 
Mole, B., transverse valley of, Iv. 251. 
Molinotlelle Caldane, travertin, L 309. 
Moluccas, eruption in the, iL 306. 



Molluscous animals,' foperior longevity 

of the species of, iii. 383. 
Mompiliere, articles presnred under 

lava in, iL 172. 
Mon&lcone, baths of, i. 34& 
Mens, secondary strato near, iv. 884. 
Mont Blanc, glaciers of, 1. 266. 
-^ Dor, volcano of, iv. 202, 908. 
— — Ferrat, tertiary strata of, iiL 960. 
— — Meaen, age of the, iv. SOI. 
— ~ Perrier, aUuvinms and breccias of, 

iv. 147. 
Monte Baibaro, description of, ii. 127. 

Bolca. fossU fish of, L 77. 

— — Calvo, section fkt>m, to the aea, iv. 

80. 
'— Cerio, shells in gypsum o^ it. 6S. 
-— Orifone, caves in, iv. 59L 
— - Mario, strata of, iv. 44. 70. 
— — Minardo, its height, &c.. ii. 16& 

NucUla, iL 167. 

-^ Xuovo, f<Hrmation of. VL 124. ; iv. 3. 

25.291 
— ^, coast of Bay of Baise elevated dur. 

ing eruption of, L 50. ; ii. 124. SSSi 
— ^ Peluso, iL 167. 
.i— Botaro, iL 115. 
—— Somma, structure of, u. 138L 217. 

Vicq, siliceous incniatations o£, i. 

385. 
Monticelli and Covelli on Vesuvian fln< 

nerals, IL 144. 
Monti Rossi described, iL 160. 
Montlosier on Auvergn^ L 86L ; iv. S05. 

310. 
Montmartre, gypsum of, iv. 18S. 

, fossils of, iv. 192. 

MontpeUier, cannon in cryataDiiie lock 
at, L 345. 

, tertiary strata of, iv. 138. 

Montrose, no delta in bay of» iL 19. 
Montsao^M, volcanic cone of» iv. lOa 
Moon, mountains in the, iL 892. 
Morayshire, efibct of floods in, iiL S19. 

253. 
Morea, cities submerged in the, iL 106. 
C^ramique of, iiL 882. 
osseous breccias now.fiNomng in 
the, iii. 285. 
— , closed basins and engulfed riven 

in the, UL 226. 
— ^ human remains imbedded in die, 

iiL 287. 
— , sea.cUflb at various devafifsoi in 

the, Iv. 34. 
, tertiary strata of, iv. 81 
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Moret, eretsceoui rocks of the, iv. fi88. 

Morren, M., on peat of Flanden, iii. 
209. 

Moro, Lauaro, on earthquakes, 1740, i. 
59. 

, on new island in Mediterranean, i. 

GO. 

, on nature of organic remains, 1. 60. 

•■—, on faults and dislocations, i GO. 
-^, on secondary strata, i. 61. 

, on origin of stratified rocks, L 66l 

— >, on prinury rocks, L 90. 
Morocco, earthquakes at, 11 109. 897. 
Moropano, sbeUs in tuff near, iv. £7. 
Mosasaurus of Maestricbt found io the 

EogUsh chalk, iw. SSa 
Moselle, R., sinuosiUes of, L SSa 
Mosenberg, extinct volcano^ iy. 119. 
Mountain-chains, on the elevation of, L 

115. 
— > on relatlTe antiquity ot, iv. dS7. 
-— , difficulty of determining the rela. 

tive ages of, iv. 841. 
fountain limestone formation, L 196. 

iv. 301. 

lud eruption in Quito, 17S7, iL 2S0. 
f ules smnetimes prolific^ iii. 3, 
f undane egg of Egyptian cosmogony, 

i. 15. 

[undesley, chalk in crsg near, iv, 99. 
[unkholm. Island of, ii. 345. 
[unster. Count, on Maestricht fossils, 
iv. 285. 

^, on fonils of Solenhofen, iv. S99. 
■—, on Gosau fouils, iv. 890l 
urat, deposits near, iv. SOS. 
urchlson, Mr., on the Harts, moun. 
tains, i. 83. 

— ^ on tertiary deposits of the Alps, L 
205. 

-, on the coal strata, L 197.; iv. 303. 
— , on transition fossils, i. 2^. 
-, on schUta of Caithness, L SSO. 
— , on tertiary strata of Lancashire, L 
Jll. 

- of Nice, iv. 39. 

- of maritime Alps, iv. 78| 79. 

- of the Superga, iv. 139. 

> of Styria, iv. 141. 14& 156. 
.ofCadibona.iv. IfiS. 

- of Central f^ranct, vr. 157. 175. 198. 
05. 

- or Aix, It. SS3. 

-, his section of crag resting on chalk, 

^ 90. 

-, on excavation of valleys, It. SOflL 



Murchison, Mr., on upper gteen.sand, 

iv. 861. 
—— , his new arrangement of the tran. 

sition strata, iv. 306L 
Murcia, earthquake of 1889, il. S2a 
Murphy, Lieut H., on height of North 

Downs, iv. 837. 
Murrayshire, town in, swept away by 

sea, ii. la 
Musara, buried cones near, iii. 438. 
-^->, flowing of lava round, iii. 443. 
•^-, traversed by dikes, iiL 443. 
Muschelkalk, iv. 30a 
Mydaut melicep$t iii. GO. 
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Nadder, valley of the, iv. 863. 
Nakel, fossil ship found at, iiL 867. V 
Nantucket, banks of, ii. 5. 
Naides, history and map of volcanic 

district round, ii. 113. ; iv. 16. 
, recent tertiary strata in district 

round, iii. 368. 

, recent sheHs in tulA near, iv. 86. J 

Narwal stranded near Boston, iii. 889. 
— — , fossil, near Lewes, iiL 886. 
Nassau, loess found in, iv. 46. 
Nature, as defined by Lamarck, iL 4ia 
Necker, M. L. A., on Somma, iL 217. i 

iv. 80. 8a 
Needles of Isle of Wight, ii. 44. 
— — , fall of one of them, iv. 100. 
Neili on whales stranded, iiL 889. 
— — on mineral veins, iv. 382. 
Nelson, Lieut, on coral reefs, iiL 901. ' 
Neptune, temple of, under water, iL 381. 
N^unists and Vulcanists, rival factions 

of, L 87. 97. 
Nerbuddah R., ill. 816. 
Nesti, M., on fossils of UpperVal d' Amo, 

iv. 152. 
Nettieriands, tertiary formations of the, 

iv. 883. 
Newcastle coaUfleld, 1. 197. 
Newer fliocene period. See Pliocene 

period, newer. 
Newfoundland, cattle mired in bogs of, 

iiL 807. 
Newhaven, its cliflk undermined, il. 43. 

, tertiary strata on chalk near,iv. 835. 

New Hofland, plants of, L 191. ; iiL 8& 

, animals of, iiL 50. 

— — , coral reeft of, -iiL 301. 

New Kameni, formation of, iL 809. 

New Madrid, earthquakes at, IL 2ML 

3 
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New York, txoeiiive cHnaU of> L 16S. 

New Zealand, animals in, i. 199. 

Niagara, excavation caufod by the cata- 
ract of, i. 130. 27& 

, fidla of. L S71. 

-^, probable tinte which they will re- 
quire to reach Lake Srie^ i. 87i. 

Nicaragua, volcanot in, ti. 97. 

Nice, depth of Mediterranean neai, L 
3491371.; ii70. 

— ^ tertiary atraU of; i. 349. ; iv. 77. 79. 

Nicolosi destroyed by earthquake, iL 169. 

Niebuhr, cited, L 106. 

Niger, delta of, iU sixe, ir. 31& 

NUe, delta of the, I 349. ; UL 370. 

— — , its ancient mouths, L 350. 

— , analysis of mud of the, i. 351. 

, citiea buried under blown sand 

near the, UL 810. 

— , men swept away by flood o^. ill. 

S5&. 
NUsson, H., on lignite of the chalk, pe. 

riod. It. 289. 
— ^ on migrations of eels, iiii 75. 
Nlpon, volcanos numerous in, iL 100. 
Nitrogen in springs, iiL 180. 
Noeggerath, M., on volcanic district of 

the Rhine, iv. 115. 126i 
Norfolk, waste of clifA of, iL 24. ; iv. 249. 

, gain of land on coast of, ii. 27. 

, crag strata of, iv. 85. 

Norte, R., transportation of sediment 

by the, iL 85. 
North Cape, drift-wood on, iiL 2ML 
North Downs, chalk ridge called the, iv. 

9S& 
«*— , section across valley of Weald 

Arom south to, iv. 237. 
— , highest point of, iv. S|S7. 
, on former continuity of chalk of 

the, with that of the South Downs, 

iv.257. 
Northmavine, rocks drifted by sea at, IL 

13. 
Northstrand destroyed by sea, iL 59. 
Northumberland, land destroyed by sea 

in, iL 81. 
Noto, Val di, formations of the, uL 405. 
Notre Dame des Port^L 343. 
Norway flree flrom earthquakes, ii. 348. 

, rise of land in, i. 211. ; U. 318. 345. 

Norwich once rituated on an arm of the 

sea, iL S7. 
Nugent, Dr., on Pitch Lakeof lUnidad, 

L330. 
Novera, hill of, in SicUy, ia 414. , 



Nynipht, temple of, under water, H. 

981. 
Nyfie, a new island formed in 1783, iL 

180.196. 



O. 



Obiequens on eruption in lochia, iL ISSu 
Oby, R., fossils on shores of, L 145. 
Ocean, permanency of its level, iL 3S9i 
Oceanic deltas, L 35a 
Odoardi en tertiary strata of Italy, i. 

7a; UL358. 
Oersted, discoveries o^ iL 367. 
Ogygian deluge, iL 104. 181. 
Ohio, Junction of with Mississippi, i.878. 
Olafsen on driftwood, iiL 847. 
Older Pliocene period. Sre Pliocene pe. 

riod, older. 
Old red sandstone, flsh found In, L £30. 
Olivet, volcanic cone of, iv. 106L 
Olivi on fossil remains, L 37. 

on sediment in Adriatic, L 348. 

Olot, volcanic district of {see PL xL), iv. 

loa 

— — -^ destroyed by earthquake^ iv. TlfiL 
Omalius d'Halloy, on former connection 

of Auvergne and Paris basin, iv. I7& 
Omar, an Arabian writer, L 29. 
Oojain. See Oujein. 
Oolite, or Jura limestone formation, iv. 

896. 
— — , converted into hypogene rock in 

the Alps, iv. 37a 

, fossils of the, L 838.; iv. 2991 

Oolitic structure, in Auvogne, iv. 165. 

in Hungary, iv. 143L 

— — ^ recent, in Lancerote, IL ISfi. 
Opossum, fossil, at Stonesfleld, L 838. 
Opiddo, changes caused by earthquake 

near, ii. 85a 867. 
Orcia, river, L 311. 

Orang-outang, Lamarck on its conver- 
sion into the human species, iL 4S\. 
Organic life, effbct of changes in land 

and sea on, L 177. 
Organic remains, controversy as to red 

natureof, 1. 3a; iiL 38a 

, imbedding oC See Fossllisatiea 

— — , importance of the stndyt of, L lift 
, abrupt transition from thoae cf 

the secondary to those of the tertjary 

rocks, Laoa 
— , contemporaneous origi» of rocks 

proved by, iiL 347. 
.•^, comparative value of 

elasseiof,iiL579. 
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Organic remains. See alio Fonilt. 
Orinoco, R., subsidence in, ii. 294. 
Orkney Isluids, promontory cut off by 

sea in, it 18. 
Orleanais, fossils of the, iv. 150. 
Orpheus, cited, L 12. 
Orthte, tertiary strata of, iv. 133. 
Orust, island of, a 34a 315. 
OrweU river, ii. 31. 
Osnabruch, tertiary strata of, iv. 146. 
Osseous breccias, formation of, iil 231. 
— , in caves, iv. 51. 56. 
—— i, now forming in the Morea, iii. S2SL 
Otahdte, volcanos in, iil 310. 
— — , coral at great height in, iii. 318. 
Otranto, tertiary strata of, i. 138. ; iii. 

362. 
Oujein, buried city of, it 242. ; iU. 215; 
Ouse, R., transverse valley o^ iv. 251. 
— — ^ has filled up an arm of the sea, iii. 

286. ; iv. 253. 
Outlying patches of tertiary strata on 

chalk.hills,iv.231. 
Ovid, cited, L 15. 

Owen, Mr., on bones of turtles, iil 291. 
Owhyhee, uL 310. 

Owthorne, encroachment of sea at, iL 31 
Ozus, earthquake in valley of the, ii. lOfiL 
Oxygen, its action on rocks, i. 2^. 
Oysters, &c., thrown ashore alive by 

storm, uL S9a 
— , migrations of, iil 81. 



Pachydermata, abundant in Eocene pe* 

nod, iil 401. 
Pacific Ocean, depth of, 1 180. 
— i-, its height above the Atlantic, il 62. 
animals in islands of, iil 53. 
subsidence greater than elevation 

in, Ul 316. 
— — , earthquakes in, iil 318. 
— — , coral and volcanic islands of, il 

101.; uld0&309. S1& 
— — , lines of ancient sea cliffh on shores 

of, iv. 32. 
Pcstum, formation of limestone near, I 

815. 
Pakefield, waste of cliffh at, ii. SS. 
Palseotherium in freshwater strata of 

Isle of Wight, iv. 229. S7& 
Palagonia, dikes at, iil 4ia 
— — , section to Paterao from, iil 422. 

U 



Palermo, caves'containlng osseous bre&> 

cias near, iv. 59. 
Palestine shaken by earthquakes, ii. 106. 
Palissy on organic remuns, I S8. 
PaUas on mountains of Siberia, 1 78, 
— i- on Caspian Sea, I 79. ; il 104. 
on fossil bones of Siberia, I 79. 145, 

146. 

on calcareous springs, I 821. 

cited, il 64. 105. 963. i iil 96u 

Pahna, description of Isle of, il 219. 
Panama, tides in Bay of, il 63. 
Panella, in Ischia, iv. 28. 
Papandayang, eruption of, il 29dL 

— its cone truncated, ii. 29&; iil 
447. 

Papa Stour, waste of rocks of, il 17. 
Papyrus rolls in Herculaneum, ii. 1S6. 
Paradise Burnet on seat of, I 55. 
Parallel roads of Coquhnbo, iv. 32. 

— of Glen Roy, iv. 98. 

Paris basin, formations of th^ I S09. ; 

ul 354. ; iv. 177. 
, fossils of the, I 235. ; iil 3S5. 394. ; 

iv. 189. 190. 
— — , all tertiary formations at first re- 

ferred to age of, iil 356. 
— — ^ analogy of deposits of Central 

France to those of the, iv. 177. 
, comparison between EngUdi Eo. 

cene deposits and those of, iv. 230. 
Parkinson, Mr., on the crag, iil 9SS. ; 

iv.64. 
Parma, tertiary strata near, 1 138. 275. 

349. i iil 3^ ; iv. 67. 
Paroxysmal elevations, theory of, iv. 29. 
Parrot on Caspian Sea, il lOa ; iil 148. 
— ^ retraction of his opinion on levri 

of Cas|»an, iv. 215. 
Parry, Captain, highest northern latl. 

tude reached by, i. 171. 
— — on migration of Polar bear, Iil 61, 
on animals of Melville Island, iil 

62. 
Partsch, M., on tertiary strata of Vi. 

enna, iv. 141. 
Passo Manxanelli, waterfalls in lava at, 

1270. 
Pasto, volcanos in, ii. 97. 
Patemb, section from, to Palagonia, iil 

4fi2.' 

, valleys of, iil ASS. 

, age of basalts of, Ul 4S9l 

Patricio's diak^ues, I 58. 
Pauliac, limestone of, iv. 134. 
Paviland cave, iH 2S4w 
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Ptoat» on ita growth, and praferf«thm of 
fcMlU in it, iU. 188: 199. 308. 

bogi^ bunting of, lii 206. 

, nxbinariM, lii S09. 288. 

Pedunentina, deMsriptioQ of the, ii. 
139. 

Pelagian formatioiM, their internal ar- 
rangement, ii. 88. 

Pembrokeshire, tradition of hm of land 
in, it 5a 

Pennant on encroachments of sea on 

Yorkshire coatt, ii 22, 23. 
• on distribution and migration of 

animate, L 144. J iiL52Lfia 
Pentalica, limestone of, iii. 40fi, 407. 
Pentland, Mr., on fossils fh)m Australian 

cares, ir. 57. 

* on fosf ite of Upper Val d» Amo, iv. 

151. 

Pentland Firth, cnnrents in the, il 6. 
Penzance, loss of land near, ii. 491 
Peperino, dikes in, iiL 412. 

, how formed, iii. 415. 

, dikes of, how formed, ill 414. 

P^ron on distribution of animals, UL 73. 
821 

on Island of Timor, Iv. 4a 

Ptorpignan, W, lia 
Persian Gulf, coral in, iii. 301. 
Persian Magi on the deluge, I 31. 
Peru, volcano in, ii. 94. 

, earthquakes in, ii. 94. 3Q2L 

, prooft of successive elevation of 

coast of, iv. 32. 
Peterhead, whale stranded near, iiL 289. 
Petroleum springs, L 329. 
Pewsey, Vale of, iv. 863, 
Pharos joined to E^gypt by delta of Nile, 

i. 17. 350. 
Phniips, Mr. J., on waste of Yorkshire 

coast, ii. 22. 

, on tertiary strata in Yorkshire, iv. 

88. 
Phillips, Mr. R., on slow deposition of 

some kinds of sediment, ii. 87. 
Phillips, Mr. W., his analysis of chalk 

flints, iv. na 

Philosophy's tower on Etna, iv. 3D. 
Phlegraean fields, volcanos of, ii. 187. $ 

iv. 25. 
Physical Geography. See Geography. 
Plana, conglomerate of, iv. 139. 
Piazza, tertiary strata at, iii. 419. 
Pichinca volcano, it 95. 
Piedmont, tertiary strata of, Ui 360. ; iv. 
. 138. _ 



Piefera Mala, teianm&Me gv of, L 18. 
Pignataro on earthquake ofCaldiits, & 

S55. 
Pigs, instincts of, il 457. 

swim to great distanoo, Ul 5S. 

— , fossil, iii. 205. 

Pindar dted, iL 168. 

Pingel, M, on subsidence of Greenland, 

u. 346. 
Pitch Lake of Trinidad, i. S30. 
Pitchstone, formed by dikes of Smiu, 

iv. 23. 
Piteo, gain of hmd at, L 341. ; 0. SSi 
Pius VII., edict against Galileo and Co- 

pernican system, repealed by, L 9ft 
Pis, fall of mountain of, lii. 8SSI 
Plants, varieties in, produced byborti- 

cultnre, ii. 443. 
— — , extent of variation in, H. 445. 
, their geographical distribution, 

ui.24. 

, in islands, iii. 87. 8a 109. 

, dispersion of, iii. 31. 91. 98, 99. 42^ 

, stations of, iiL 25. 107. 

— , equilibrium among, kept np by i»* 

sects, iii. 110. 

, number of terrestrial, lii 170. 

— — , imbedding of, in subaqveou de- 
posits, iiL 841. 281. 288. 
-^~, on number which are now becom- 
ing fossil, iii. 248. 

, their fossilisation partial, iiL 57^ 

— — , fossil, importance of, in geolOK7> 

iiL 379. 381. 
, fossil, of the coal strata, L \5k 197. 

226. 
Plas Newydd, changes caused by a £ke 

near, iv. 371. 
Plastic clay and sand of the London 

basin, i. 235. ; iv. 225. 

— of the Paris basin, iv. 181. 
Plastic force, fossil shells ascribed to, L 

3a 
Plato on Egyptian cosmogony, L 12. 
Playfair on Huttoniaji Theory, i 9^ 

100. 
— ^ on instability of the earth's sarftee* 

1895. 
—— on gradual rise of Sweden, ii. 8^ 

— on formation of vegetable soi7, iii 
178. 

cited, iL 363.^ 

Pleurs, town of, and its inhabitiott 

buried by a landslip, iit 8S3. 
Pliny, the Elder, L 96l 
— — , on delta of Rhone^ L 3<S. 
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fHny the EMter, on iilancU at the 

mouth of the Texel, U. 57. 
—— , kiHed by eruption of Veiuvius, 

A. D. 79, ii. 119. 
Pliny the Younger, on eruptioa of Ye- 

suvlui, A. D. 79, ii. 119. 
>—^ does not mention the overwhelm. 

ing of Herculaneum and Pompeii, ii. 

iia 

Pliocene period, netoet, derivation of 

the term, ill 390. 
•>->, proportion of living speciei in fb»> 

8il flhelli of, iii. 391. 395. 

' , marine formationi of, HL 404. 

— , voleanic rocks of, iv. 17. 

— — , subterranean rocks of ftuion, 

formed during, iv. 4k 

, freshwater formations of, iv. 4S. 

— ~, osseous breccias and cave deposits 

of, iv. Bh 
— — , alluviums of, iv. 57. 
Pliocene period, older, proportion of 

living species in fossil shells of, iii. 

S91. 395. 
'»— , mammiferous remains of, iii. 401. 
— , formations referrible to the, iv. 63. 

, volcanic rocks of, iv. 102. 

Pliocene strata of Sicily, origin of, iv. 1. 
— ^, changes of surface during and 

since their emergence, iv. 6. 
— , netaer, chiefly visible in countries 

of earthquakes, iv. 31. 40. 
PIbmb du Cantal, suocnsivdy accumu- 

Uted, iv. 175. 
— •, volcanic rocks of, iv. SOI. 204. 
•— , limestone covered by volcanic 

rocks on, iv. SOS. 
— , not an elevaUon crater, ii 221. 
Plot on organic remains, i. 44. 
Fluche, theory of, 1732, 1 67. 
Plutarch, 1 11. 
Plutonic rocks, iv. 344. 
— — , distinction between volcanic and, 

iv.352. 

, their relative age, Iv. 358. 390. 

, dianges produced by, iv. 374. 

— , why those now visible are for the 

mdit part very ancient, iv. 392. 
Pa, R., flrequently ihifls Itt ooune, L 875. 
embankment of the, I 376. 
delta of the, L 346. 870. j lit 192. 
Podolia, tertiary formations of, iv. 144. 
Polistena, changes caused by earth. 

quakes near, IL 86S. C70. fi7& 
Polyps, see Zoophytes. 
Pomerania, fotsU ihipt in, ill 967. 

U 



Pompeu, how destroyed, ii. 147. 151. 
, section of the mass envdoping, 

ii. 148. 
-^, depth to which the ashes of erup- 
tion of 1822 covered, il 148. 
— , objects preserved in, ii. 155. 
Fomponius Mela, cited, i. 343. ; il. 56. 
Pondres, cave at, iii. 236. 
Pontanus on eruption in Isefaia, iL 123. 
Pont du Chateau, tulTand limestone at, 

iv. 19a 
Ponte Leucano, travertin at, i. 317. 
Pont Gibaud, gneiss rocks decomposed 

by carbonic acid at, i. 328. 
— , calcareous springs near, L 308. 
Poole Bay cut into by sea, iL 46. 
Popayan, volcanos in, iL 97. 
— — , shaken by earthquake, ii. 231. 
Port-au. Prince destroyed by earthquake, 

ii. 299. 
Portland, fossil ammonites of, L 48. 
—— , its p«iinsula continually wastes, 

iL4d 
— ^, fossil fbrest in, iv. 294. 
Port Royal, subsidence of, iL 307. ; iiL 

146. 272. 278. 
Portugal, earthquakes in, ii. 109. 295. 
Port Vallais, ancient town in delta of 

Rhone, I 334. 
Po Veochio, I 27& 
Pratt, Mr., on fossils of Isle of Wig^t, 

L23&; iv. 229. 
— , on cave of San Ciro, iv. 53. 
Precession of the equinoxes, 1 174. 
Prevost, M. C, on gypseous springs of 

Baden, L 333. 
— , on new island in Mediterranean 

a 201. 
^-^, on fossil mammalia of Stonesfield, 

L232. 

, on elevation craters, ii. 22SL 

— — , on geological causes, iiL 198. 

, on drifting of plants, ilL 845. 

— — , on filling up of caves with osseous 

breccias, iiL 232. 
, on tertiary straU of Vienna, IiL 

361. J iv. 141. 
— — , on tertiary straU of Paris basin, 

iv. 180. 184. 186. 191. 
Prevost,M. P., on radiation of heat, L 163. 
Prevost, Kr. J. L., on number of wrecked 

vessels, iii 263. 
Pressure, effiscts of, on consolidation of 

strata, iv. 321 
Pricbard, Dr., on Egyptian cosmogony. 

L 11. 244. 
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Priobard, Dr., on rtoent oiifln of nun, 

i841. 
— ^, on diitinct origin of dog and wolf, 

iL4Sd. 
— , on hybrid raeei,.iii. 4 
-^^ on Cudal angle, iU. 1& 
, on diatribution of animala, Ui. 4a 

59. 
Frtmary, on the rodu usually termed, 

iU. 335. i It. M3L 
— ^ their relation to ? olcanlc and sedi- 
mentary foimations, iv. 343. 
— ^ divisible into two groups, It. 344. 
, OD the stratified rocks called^ iii. 

3Sa ; iy. 36a 
.— , the term why fkulty, iv. 385. 
—- ^ strata, how far entitled to the ap- 

pdlation, iv. S9a 
PrimltlTe, term now abandoned, ilL 

340. 
Primosole, Umestone at, ill 490. 
Prinsep, Mr., on sediment of Ganges, L 

364. 
Priory of Crail, swept away by sea, iL 

SI. 
Procida, island of, remariu of ancient 

writers on, IL 114. 
_ would resemble Ischla if raised, 

iv. «8. 
Progressive development of organic life, 

theory. of,.L SSS. ; iL 407. 
Promontories, their effbct in protecting 

lowahoreSfiL 19. 
Psalmodi, formerly an Island, i. 34a 
Puglia, fossil elephant found at,i. 36. 
Pulo Kias, fossil shells of, iv. 37. 
Pulvermaar, described, iv. lip. 
Punto del Nasone, dikes at, iv. SI. 
Punto di Guimento, veins of lava at, 

iiL442. 
Purac£, extinct volcano of, iv. 191. 
Purbeck, its peninsula wasting, IL 46. 
Pursh on planU of United States, liL 36. 
Pusanibio, R., sulphuric acid, &c in 

waters of, iv. 191. 
Puy Araet, chalk with beds of tuff in, 

lv.133. 
Puy de Come, ravine in la^ of, iv. fiOd 
Puy de Jussat, quarbfose grits of,, iv. 

161. 
Puy de Marmont, tuff and mari in, iv. 

196. 
Puy de Pariou, iv. 212. 
Puy Griou, iv. 904. 

Ptiy Rouge, ravine in lava of, iv. 207. 
Puy de Tartaret, iv. 206. 



Puy m Vday, ftisOs te lAoviiniuidfr 

lava neary.lv. 149i^ 

, freshwater formation of, iv. 170 

Pusauoli, Temple of Serapis nesr,fi. 312. 
, inland cUA near, H.S1& 315.} 

Iv.ft 
— ^ date of re-elevation of coast o^ii- 

^3. 

, encroachment of sea near, iL 327. 

, no great wave caused by rite of 

coast near, Iv. 29. 
Pyrenees, their relative age, height, ftc> 

L906i; iv.333.375. 
, tertiary foxmaticms of, iv. 83. \3&. 

334. 

y lamination of day .state in,'iv. 36& 

^ chalk of the, iv. 287,288. 



Pythagoras, system of, L 15. 
, on Etna, iL 91. 



Q- 



Quadmmanous animals not fbond fcsal^ 

L237. 
Quadrupeds, domestic, multiply rapidly 

in America, iii. 134. 

, imbedding of terrestrial, iiL25L 

Quaggas, migrations of, iii 59. 
Quarts, whence derived, iv. 382. 
Quebec, climate of, L 165. 

, earthquakes in, iL S51. 

Quero destroyed by earthquske, iL £50. 
Quilotoa, Lake, cattle Idlled'by v$foiw 

from, ii. 250. 
Quintero elevated by earthquake o< 

1822, IL 231. 
Quirini, theory of, L 43: 
Quito, earthquakes in, iL S50. 306. 
Quorra, or Niger, delta of the, iv. S16. 
Quoy, M., on coral xoophytee,,iiL 20X 



Rabenstein cave, ilL S32L 

Race of Aldemey, its velocity, iL & 

Radicofimi, marls capped by hssslt «X, 

iv.68. 
-— r<, age of vfdcanic rocks of, iv. IQS. 
Radusa, fossil fish of, UL 411. 
RalBeB, Sir a, cited, iL S4S. 46IL 
Rafts, drift-timber in Bfississipfili Ac., 

LS82. 
Rain, action of, ilL 186. 
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Rain, diminithcd Vf MUng of fomts, 

iii. 187. 
Ranunini on Barnet*i theory, L 58. 
Ramond, M., on Auvergne, iv. 210. 
Rancid, altered Uaa at. It. 375. 
Raipe on ialandi shifting their position 

(note), 1 1& 

, his theory, 176S, L 74. 

, on earthqualcet, L 74. 

, on new islands, L 75. 

, on basalt, 1 84^ 

, on elevation of. coast of Chili, iL 

aos. 

Rats, migrations tf, iil 5a 

introduced by man into America, 

m,96.l9S. 

Ravenna, formerly a sea-port, L 347.* 

Ray, his physioo.theology, L 51. 53. 

, on earthquakes, i. 52. 

, on encroachments of sea, L 52. ; ii. 

3t, 

, on Woodward's theory, L54. 

.cited, ill 71. 

Reaumur on insects, iiL 41. 

Recent formations, term explained, UL 
385. 

, form a common point of departure 

in all countries ill. 40a 

Recent and tertiary formations, synop- 
tical table of, iii. 40S. 

Reculver cUff, encroachment <tf sea on, 
ii.3& 

Recupeio on flowing of lava, ii. 172. 

Red marl, supposed universality of, iv. 

— — , and sandstone of Auvecgne, iv. 

161.323. 
Red River, formation of new Udccs by, 

i.S86Li iv.5a 

. drift-wood in, L 288. 

Red River and Miisissippiy their juno> 

tion recent, 1. 370. 
Red Sea, gain of land In, iL aa 

, level of, iL 6SL 

, coral reefe of, UL 296. 301 3ia 314. 

, on fonner union of Medttenanean 

and, U. 83. 
and Mediterranean, distinct q>e- 

clesin,liL3S0.i iv. 131. 

, tertiary strata on borders of, iv. 39. 

Refrigeration, LBibnlti*s theory of, L 45. 
, causes which might ^oduce the 

extreme of, L 181. 
Reindeer, geographical range of, iiL 57. 

, migrations of, ilL 68. 

, imported into Icdand, ill. 137. 

U 



Remains, organic; iee Fossils and Fos- 

silisation. 
Rennell, Major, on delta of Ganges, i. 

354.358. 

, on icebergs, L 16fr. • •;% 

, on ddta of Nile, L 34a 

, on sediment in waters of Ganges, 

L36& 

, on currents, L 166. ; il. 4. 6, 7. 

, on the ttde-wave called the Bore, 

iL61. 

, on level of Red Sea, iL 6S. 

Rennes, tertiary strau near, iv. 282. 
Rennie, Rev. Dr., on peat, and fossils in 

peat, UL 199, 80a 204, 206. 2ia 
Reptiles, their geogiiq>hical distribution, 

iiL 7a 

1 their powers of diAision, iii. 71. i 

, in behind, iiL 71. 

, imbedding of in subaqueous depo. 

sits, iii. 2491 261 290. 
Resina, overflowed by lava, iL 129. 
Rhine, R., description of its course, iL 

sa, 

» its delta, iL 5& 

, Lower, volcanoaef the, iv. 114. 

, origin of trass of, iv. 121. 

Rhinoceros, fossil, in Siberia, L 147. 
Rhtme, delta of, in Mediterranean, i. 

341. 
, delta of, in Lake of Geneva, L 333. 

36&; iiL368L 
, debris depodted at its confluence 

with the Arve,L 374b 

, shells, drifted by the, iiL 382. 

, a cannon imbedded in calcareous 

rock in its delta, iiL 8G9. 
Riccioli, Signer, on travertin, iv. 4a 
Richardson, Dr., on formation of ioe> 

bergs, L 152. 
, on a calcareous flmnation near the> 

Maekensie River, L 19a 
^,on drift-timber fan the Maekensie 

and SUve Lake, UL 243. 845. 
Richardson, Mr. W., on Heme Bay, iL 

3a 

Riobamba destroyed by eaxthquake, ii. 

250. 
Rimao* valley of, ancient sea-diffk in, 

iv.32. 
Ripple marks,. how formed, iv. 94. 
Risso, M., on fossil shells, iv. 39. 80. 
Rita, hot spring of, its temperature 

raised by earthquake, iL 230. 
Rivc^ M. de la, on tenetttrial magnetisoK 

iLd67. 
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Riven, dIAram te the Mdteott •!; 

Lia2.S41.S«&96B.; 111948. 

, rinuoiitict of. L SSB. 

, two equal, when they becone ooii- 

fluent, do not oeeopy bed ef doable 

iurlboe,L981. 
Robert, 11,00 ItonUt of Guimc, !▼. ISO. 
Roeoo di Fern, ihelli In tuA of, ill. 

486. 
RoebciCcr, indentotlooi in the chaUc 

filled with tend, ftc new. It. Saa 
RoekaU bank, recent deportts on, lU. 

S94. 
Rocket fpedfie graTity of, 1 860. 
. — ^ altered by inbterranean gaaea, L 

3a.ilr.SB0, 
.>— ^ diftinctkm between sedimentary 

and voleanie, UL 335. } It. 344. 
- — , origin of the primary, iu. 39& i iv. 

m. 

'—.distinction between primary, se- 
condary, and tertiary, UL 335. 
■>~^ persistency of mineral character, 
why apparently greatest in the older, 
ir.SSO. 
*—^ older, why most onisolidated and 
disturbed. It. 304, 33S. 

.. , secondary Tolcanic, of many dlC 

fetentages, tT.396. 

. , relative age of, how determined, 

iU.341. 

•'-^, transportation of, by ice, L S6S. j 
li.331; ir.61. 

^. ., cleavage planes and Jointed struc- 
ture of, iT. d6L 

■ .., how altered hy permeation of beat 
and gases, iv. 378. 

.. , chemical composition of dlflfercnt, 

iv.383. 

tloderberg, crater of the, iv. 48. 119. 

Rogvaipeni Lake^ strata near, iL 345. 

Roman roads wider water in Bay of 
Baiss,U.3SL 

Rome, travertins of, iv.46l< 

Romney Marsh, gained firom sea, iL 40. 

Ronca, tertiary limestone of, iv. S24 

Ronctai, Roman bridge of, bnried in 
silt, L 348. 

Rose, M. O., on hornblende and augite, 

iLSsa 

Ross, Captain, on icdteigt hi Baffin's 

Bay, 1. 168. 
Roasberg, dlde of the, ilL 8SS. 
Rotaro, Monte, structure of, 11. 115. 
Rotation of the earth, currents caused 

by, iL a 



Bother, River, WMtt fbnttd in Itt di 

bed, iL «2. } liL 9ff7. 
Rottingdean, iv. S7i. 
Royat, near Ctermont, iv. 113. 
Royle, Mr.,L146. 

Roset, M., on loess of the Bhioe^ iV'SL 
Runn of Cutch described, iL 841. 
Runton, crag strata in cilifi near, if. 96. 
Rye formeriy destroyed by sea, ii. 4fi. 



Sabine, Ciq»tain, on wcD at Chis«ick,l 

2g9. 
— on distance to which waters of 
Amaxon disocrtour the sea, IL 85. 

, on current crosring the nuNrtk rf 

the Amaaon, iL 85. 
Sabfina, Mand of, IL 198. S4a 
Saco, flood on the River, i. 289. 
Saharunpore, buried town near, HI tfl. 
St Andri destroyed by a landslip^ i)>' 

S32. 
St Andrews, loss of hind at, IL 91. 
-*— , a gnn.barrel, fosail, with shelli tt* 

tached to It, near, iii. S70. 
St Christopher's, alternations of eonl 

and volcanic substances in, iv. 3& 
St. Domingo, subsidence of coast of^ ii- 

899. 
■«»-, hot springs caused by enxthfukt 

in, ii. 894. 
— , fossil vases, Ac in, UL 86& 
9t. Eustatia, tertiary finrmations in, it. 

8& 
St George, banks of, IL 5. 
St Helena, tides at, iL % 
St Hospice, tertiary strata of, iv. 58. 
St Jago, earthquake at, it SSI. 
St Katherine's Docks, a ibsiO vcMi 

found in, liL 867. 
St Lawrence, Gulf of, elevated bescbo 

in, iL 99. } iv. 35. 
w^^-^t earthquakes in, it 851. 
St MadeMne, near Nioe^ fbeiil sbdh fl^r 

iv. 81. 
St Maura, earthquakes in, iL 837. S5& 
St Michad, siUceous springs of, i 32L 
St Michael** Mount, U. 49. ; iv. ^5. 
St Mibiel, limestone clifik of, iv. SI. 
St Ouen, five sheetaof water intenecte' 

in a well at, L 308. 
St Petert Moml, Maettricht, Anak of, 

iv.884. 
St RomaiB, gyppm of, iv. IB!* 
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St Siebutiftii, of«flov«d/by volcaiiic 

alluvions, ii. 146. 
St. Ubes engulphed by eurthquake, ii. 

897. 
St. Vincent**, volcanos o^ ii. 245. ; iT. 96. 
-^^-i counter <;uiTenta in the air proved 

by eruption in, L 183. 
f boa conttrietor conveyed on drift. 

wood to, iii. 72. 
Salisbury Craig, altered strata in, iv. 

372. 
Salt, on ito deposition in the Mediter- 
ranean, ii. 67. 
Salt springs, L 29. 9SS. 
Saltbolm, isUnd of, u. SSS. 
Samotbncian deluge, IL 101 
San Giro, fossils in cave of, it. 53. 
Sand, estuaries blocked up by blown, iL 

26.73. 
— *-, cones of, thrown up during earth. 

qtuke, ii. 278. 
<— , drift, imbedding of toWns, organic 

remains, &c in, iii. 210. 212. 
Sanda, its promontory cut off by the 

sea,iL18. 
Sandown Bay, excavated by sea, ii. 44. 
Sandstone^ old red, fish found fossil in, 

L 229. 238. 
Sandwich Land, popetual snow to level 

of sea-beacfa in, 1 171. 
San Feliu de PaUer61s, ravine in lava 

near, iv. 109. 
San Filippo, travertin of, L 312. 
San lio, on Etna, fissures in plain o^ ii. 

lep. 

San Lorenso, isle of, recent fossils in, ii. 

303. 
San Locido, toitents of mud caused by 

earthquake at, ii. 277. 
San Quirico, hills of, iv. 68. 
Santa Croce, Cape of, limestone on lava 

at, iii. 412. 
Santa Hadalena, section at, iv. 106L 
Santa Margarita, crater of, iv. 107. 
Santorin, geological structure of, il 206. 
— — , chart and section of, U. 207. 
._, new islands in Gulf of, a 206. 
San Vignone, travertin of, L 309. 
Saracens, learning of the, L 28. 
Sardinian volcanos. It. 1I4i. 
Sasso, Dr., on tertiary strata of Genoa, 

iv.Ta 
— , on fbssil shells of Albenga, !▼. 79. 
Saucats, ft«shwater limestone of, iv. 131 
Saussore on the Alps and Jura, L 79. 
— — on gladen of Mont Blanc, i. %S5. 



Savanna la Malr, swept a#ay by sea, lii« 

221. 
Savona, tertiary strata of. It. 153. 
Saxony, Werner on the geidogy o^ L 

82. 
Scandinavia represented as an Island by 

the ancients, ii. 332. 
, gradual rise of, L 212. ; ii. 331. 384. ; 

iv. 3. 38. 

. See Sweden. 

ScarpeUini, Professor, I. 99. 
Scheuchser, his theory, 1708, L 57. 
Scheveningen, waste of cliA of, Ii 56. 
Schist, siliceous, clay converted into, by 

a Uva dike, iii. 414. 427. 
Schlegel, M. de, L 23. 
Schmerling, Dr., on cavern of Choclder, 

iii 233. 
——on human remains in caves, UL 291 
Sciacca, island of. See Graham Island. 
SciUa on organic remains, 1670, i 41. 
SciUa, rock of, ii 279. 280. 
Scoresby, Captain, on the gulf stream, 

il67. 
— , on the formation of Add ice, i 186. 
-— ^ on weight of rodcs transported by 

Icebeigs, i 266. 

, cited, iii 62. 241. ; iv. 368. 

Scotland, floods in, i 262. ; iii 252. 
, fossil fish in old red sandstone of, 

i230. 

, waste of coast of, ii. 19. 

, slight earthquakes (tit in, ii 111. 

, thickness of alluvions in, ii. S85.. 

, peat.mosses of, iii 201. 207. 

, marUlakes of, Iii 2S6L 282. 288. 

, granite veins of, iv. 346. 

Scrope, Mr. O. P., oo excavation of 

valleys, i 259. 
^— , on eruption of Vesuvius In 1822, Ii 

132. 

, on elevation craters, ii. 203. 223. 

, on volcanic district of Ka|ries, Iv. 

2& 

, on voleanos of the Rhine, iv. ligi 

, on geology of Auvergne, iv. ige, 

1991 907. 210. 
, oo formation of {rfsoUtic globules at 

FOmpeU, 11149. 
, on eruptton of Etna in 1811, ii. 

174. 

, on advance of lava of 1819, IL 175. 

, on cause of convexity of plain of 

Malpais, a 188. 
, on columnar basalts of Vesuvius, 

U. 148. 
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8m doei not chuigt itf lcvcl,tmt land, 

L86. 
, Mmo oa nuniMr in which It ae- 

qalf«d lu nltiMfi, L 61. 

, itt influence oo cUnutc^ L 169. 

, «na covered by, L S1& 

— — y its encroechment on difltoent 
,tt. 19.S1.4&5a 
cause of iU riie and retreat during 

earthquake!, ii.2U.S96. 
Sea-cliflk, succcMive derations proved 

bgr, iT. & 
— ^ manner in which the aea dcttroys 

iUCoeMive ranges of, iv. 8. 9tS. 

, ancient, in the Morea, iw. Si. 

, in Peru, iv. as. 

SeaAvd, waste of cliflh at, ii. 4a ; ir. 969. 
Seals, migrations of, iii. 66. 
aeft>water, density of, 1 168. 
8ea.weed, banks formed by drift, iiL 57. 

Seckendorf, M. de, on grey wack£ slate, 

with organic remains in granite^ L 83. 
Secondary rocks, iiL 281. -, ir. 341. 

of Weald Valley, ir. 2SS. 

, their rise and degradation gradual, 

iT.261 

, fossils of the, L 153. 2S7. 

, no species conmioo to tertiary and, 

iT. 285» i8& S90. 
, circumstances under which they 

originated, ill 341. 
» why more consolidated and dis. 

tuibed, iv. 3SS. 
— , Tolcanic, of different ages, !▼. 3S6L 
Seoondavy ftcshwater dcposits,why rare, 

iv.saa 

Secoodaryperiods,. duration of, ir. 290. 

8edgwick,Professor, on the Harts moun- 
tains, L 8& 

——^ on tertiary deposits of the Alps, 
L205. 

, on Caithness schists, L 290. 

— , on magnesian limestone, L 314. 

— ^ on the antagonist power of v^e- 
talion, iiL 181. 

— ^ on preservation of organic remans 
in fissures, iii. 290. 

, on diluvial waves, iiL 454 ; iv. 21& 

, on tertiary formations of Styria, 

IV. 141. 149. 155. 

, on Iile of Wight, iv. 399. 273. 

, on granite veins, iv. 347. 

, on cleavage and Jointed structure 

ofrocks,lv. 361. 

, on garnets in altered shale, iv. 371. | 



Sediment, its dlstiib«tim in the Adri. 

aticL34& 

in river water, t 368. 

of Ganges compared to tatraa of 

£tna,L365k 
, rate of sobsldenee of aone kinds o^ 

iL8& 
, !area over which it may be trans- 
ported by currents, iL 86. 
Sedimentary deposition, causea whid* 

occasion a shifting of the areas of, IiL 

367. 
rocks, distinction between Tolcanlc 

and, iiL 335. 
Seguinat, Montague de, ir. 368. 
Selside, fissure in limestone at, iii. 230l 
Seminara, eActs of earthquake near, 

iL269. 
Seneca on a Aiture dduge, L 2S: 
Sqitaria of London day described, ir^ 

227. 
Serapis, temple of; ik 31?. 

ground phin oi environs of, iL 312. 

, date of its re-devation, iL 393. 

Serre del Sdfixio, buried cones In dillk 

ot, UL 4Sa 

, dikes at the base of, UL 441. 

Serres, £. R. A., on changes in brdn of 

fcetus in vertebrated animals,' UL la • 
Serres, Bl Bfarod de, on changes in bu. 

ried human bones, iiL 236L 
-— ^ on human remains in nencfa 

caves, iiL 235. 237. 

oo drifting of land shells to the 
iiL38SL 
on tertiary strata of Mon^dHer, 

iv. 138. 

, on fossil insects of Aix, It. 223^ * 

Severn, tides in estuary of, U. 3. 

, gain of land in its estuary, iL 50L 

Shakspeare dted, L 9S8. 

Shakspeare's cliff decays rapidly, IL 39. 

Shales, bituminous, L 331. 

Sheep, multiplication of, in South Ame. 

rica, UL 136. 
SheU marl, flbasUs in, UL 282. 322. 
SheUs. See Testaoea. 
Shcppey, fossils of, L 298. 

, waste of the cUfll, iL 35. 

Sherrin^am, sections in dilBi of; tv. 97. 

, waste of cUffh at, U. 25. ; It. 2ia 

Shetland Islands, action of the sea on, 

iL 12. 1& ; iv. 58. 

, rock masses drifted by sea in, ft. 13. 

, efi^ of lightning on rocks In^ 

U. 14. 
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Shetland Idands, granitei of dUfeKDt 

agnia,iT.350. 
-^ — , pMMge of trap into granite in, 

iT.356. 
, fbnnaUons now in progren near, 

iii. 895. 
Shipi, number of Britiih wrecked annu- 

aUy, iii. 960. 2e». 

, fOMU, iL 42. ; iii 8ia 2G& 

Shropshire coal-field, i. 197. 

Sibbald cited, iii. 71. 889. 

Siberia, rhinooeroi found entire in the 

ftoien soil of, L 79. 147. 

, the Bengal tiger fiwnd in, L 141 

Lowland of, i. 14a S14l 

drift-timber on coast of, iii. 846. 

Siberian mammoths, L 141. 

Sicily, fossils of existing species in, L 1S7. 

, earthquakes in, iL 107. 858. 90a ; 

iii 889. 

, geological structure of, iii. S62. 405. 

, map of part of, iii. 404k 

, origin of newer Pliocene strata of, 

VI. 1. 

, form of Talleys of, ir. & 

, no peculiar indigenous species 

found in, It. IS. 

, cares in. It. 61. 

, alluviums of, iv. 61. 

Sidon, ancient site of, two miles firom 

sea,ii.8S. 
Siebengdriige, Tolcanic rocks of the. It. 

188. 
Sienna, fossil sheUs of, L 67. 138. 

, Subapennine strata near. It. 69. 74 

Silex deposited by springs, L 98& 

, piles of Thijan*s bridge said to be 

converted into, L 385. 
%lla, subsidence of the mountain, li. 

845,846. 
SilViman, Professor, cited, iiL 967. 
SUurian group of rocks, Iv. 883. 

, term, whence derired, iv. S061 

Silvertop, Colonel, on tertiary strata of 

Spahi, iv. 84. 
Sim^to, R., lava excavated by, L 968. 

, plain of the, UL 488. 

Simfaree, changes caused by earthquake 

of 1819 near, iL 8Sa ; iiL 874 
,. view of the fort of, before the 

earthquake (sm PL &), iL 8S& 
Soule, R., ravinea cut through hnra by, 

iv.907. 
Sipparah, R, its coaqe changed, iiL 816. 
8kaptA,R.itachannel flHed by lava,iL 181. 
SkapUtf Jokul, emptton of, iL 181. 



1^, granite of, iv. 850. 
Slate rocks, cleavage planes of, iv. S6IU 
Slave Lake, drift.timber in, UL 843. 
Slcswick, waste of coast of, iL 59. 
Sligo, bursting of a peat.mossin, iiL 906. 
Sloane, Sir H., on earthquake in J»> 

maica, iL 309. 

^ on dispersion of plants, iiL 35. 

Smeaton on eflbet of winds on the sur- 
face of water, iL 7. 
Smith, William, agreement of his sys. 

temwith Werner's, L 83. 
, hU * Tabular View of the British 

Strata,* 1790, L 101. 

, his Map of England, L lOfiL 

, priority of his arrangement, L lOSr 

Smith, Sir J., cited, iL 44& j iii. 40. 
Smyrna, volcanic country round, ii. 106L 
Smyth, Capt W. H., on the Mediterra- 

nean, L 7a 344. } iL 317. 

, on height of Etna, iL 164. 

, on Straits of Gibraltar, iL 68. 70. 

, on depth of sea from which Ora. 

ham Island rose, IL 199. 
, on lloaUng islands of drift-wood 

UL64l 
, on drifting of birds by the wind, 

iiL 7a 

, on diflUsion of insects, iiL 87. 

, on average number of British 

ships lost from 179» to 1889, UL 863. 
, found shells at great depths be» 

tween Gibraltar and Ceuta, iiL 894. 

, on volcanos of Sardinia, iv. I14i 

Snow, height of perpetual, in the Andes,. 

Ligo. 

in Himalaya mountidnt, L 190. 

SMertelJe, canal of, iL 338. 

, recent strata of, iL 344. 

, buried hut in, IL 947. 

Sodom, catastrophe of, mentioned by 
Hooke, L Sa 

Scnl, its influence on plants, ii. 446L 

Soils, on formation of, UL 177. 

, Influence tX plants on, iiL 106L 

Soldani, theory of, 1780^ L 77. 

on microscopic testaoea of Medi- 
terranean, L 77. 

on the Paris basin, L 77. 

Solenhofen, fossils of, iv.899. 

Solent, its channel becoming broader, 
iL45. 

SdUkUra, lake of; L 31& 

, volcano, U. 117. 188. 18a 130. 

, effbcts of the exhalations on its 

structure, U. 143. j Iv. 381. 
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SoIAtan, tonple oT flenipli prolMbly 

tataicrged during eruption of, ii S04l 
Solon on Iitend of AUMtis, I. IS. 
Solway Mom, a man and hotw, in «r. 

ttoiir, ftMind in, 111. 90& 

, tounttng of, iii. 808. 

Solway Firth, animali waahed by rirar- 

flood* Into, iU. 852. 
SoawfMUhlre, land gained in, 11. 00. 
Somenrille, Mrs., on the earth'i axis of 

ratatton, 1. 156. 
, on depth of Atlantic and Paciflc 

Oeeans, 1. 180. 
^.—^ on effiecti of compression at earth^s 

centre, II. 355. 
Somma, escarpment of, ill. 4S3, 43^ 437. 

448. 

, dikes of, ii. 140. ; Ir. 90. 

,'Changescaused by dikes in, iii. 441. 

and VesuTiuB, dlfibrences la com- 

position of, it. 18. 

, section of, IL 138. 

Somme, peat-mosses in tralley of, ill. 810. 
Sorbonne, College of the, I 68. 
Sorea, eruption In island of, 4L 306. 
Soriano, changes caused by earthquake 

near, iL 862. 87S. 
Sortino, limestone formation in tralleys 

of, Ui. 407. 
-> — , caves near, iv. 52. 
Sortino Vecchlo, several thousand peo. 

pie entombed at once in caverns at, 

111829. 
South Carolina, earthqimke in, IL 246. 
South Downs, waste of plaAle clay on, 

iL43. 

, chalk ridge called the, iv. 296. 

, section ftom, to the North Downs 

across Weald Valley, iv. 237. 

, highest point of, iv. 237. 

.^^ escarpment of, iv. fi4& 

, section flrom, to Barcombe> iv. S47. 

, on former continuity of chalk of 

North and, iv. 257. 
Souvlgnargues, cave at, ilL 236. 
Spaccaforno limestone, liL 408. 
Spada, his theory, i. S9. 
^Mdn, earthquakes in, iL 109. 
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in Kcily older than country they 

inhabit, iv. la 
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Strabo dted, L 23. 342. 350. ; ii. 108. 114. 
Straits of Dover, formation of, iL 40. 

, their depth, iL 39, 40. 

Straits of Suveren, Ibrmation of, it 40. 
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Submarine foresU, ii. 90. 50. ; ilL SH^ 

87& 



450 



INDBX. 



Submariiie peat, UL 909. S88. 
Subuuurine volcanot, U. 196. 
Subddence of land, U. SS7. SH S45. 251, 
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causes of the, iii. 567. 
— — , proof of more recent origin, iii. 

543. 
, exceptions in regard to volcanic 

roclcs, iii. 543. 
, no invariable order of, in Hypo* 

gene formations, iv. 587. 
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. See CUmata 

Temples, buried, in Sgypt, ia 210. 
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fonutiou ofMdimenuuy itnU, L 127. 
Timor, Idand of, W. 40. 
TlvoU, flood at, i. 291 

, travertin of, i 318. 

Toledo, Signor, on elevation of coast of 

BayofBaic,iLaS7. 
Tomboro, volcano, eruption of, ii. 94S, 
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Tuff, dUces of, how formed, IiL 414. 

, shells in, iv. 96. 

IVmgungaa Tolcano, it 95, 96. 25a 
Tunza, R., U. 231. 
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Val d'Arno, Upper, laciutrine strata of, 

iv. 71. ISO. 
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, effect of destruction of forests in, 
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, formations of the, iii 405^ 
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Valle das Furnas, hot springs of, I aSS. 
Valley of the Nadder, iv. 26a 
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i. £6& 
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on Etna, account of, iii 430. 

of Sicily, their form, iv. 7. 

-. — , tbe excavation of, assisted by 
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on marine dqMMJts of Italy, i 5a 
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Valmondois, tertiary straU of, iv. 186. 
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, gain of Und at, il 234. 
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184. 
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Vesta, temple of, 1 295. 
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VUlasmonde, limestone of, la 407. 
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